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CHAPTERII
INTRODUCTION

India is world’s largest producer of vegetables after China and contributed
about 34 per cent of world vegetable production in the year 2016-17. In vegetables,
potato, ginger, turmeric, yam, sweet potato, carrot and coleus are some of the common
root crops. The area and production of coleus, ginger and turmeric in India during
2018-19 was 4.23 Lakh hectares and 2888 MT respectively (Anon., 2019). Tubers
contributed 1.92 per cent area of food crops during the year 2017-18. Elephant foot

yam, colocasia, yam, sweet potato, coleus etc. are included in the category of tubers.

In this era of diversification of agriculture, farmers are shifting from traditional
subsistence agriculture to commercial intensive agriculture. In India, 64.80 per cent of
farmers are marginal, with an average land holding of 1.23 ha (Anon. 2010) as

compared to the world’s average land holding of 5.5 ha.

‘Coleus’ commonly known as ‘Chinese potato’ is a good tuber crop recently
getting wide acceptance among the farmers of Kerala. In India, coleus is grown in
Andhra Pradesh, Karnataka, Madhya Pradesh, Gujarat, Assam, Kerala and Tamil
Nadu . In Kerala, the coleus is minor tuber crop cultivated in an area of about 930.51
ha having a production of 18610 tonnes, while ginger and turmeric are the major
rhizome crops cultivated in 3275 ha and 2483 ha having a production of 15124 and
6694 tonnes, respectively (Anon., 2019).

Coleus, ginger and turmeric thrive well in tropical land sub-tropical regions
with well drained medium fertile soil. Ideal season of cultivation of coleus in Kerala is
from July to December while it is from April to December for ginger and turmeric.
Three major varieties of coleus grown in the state are Nidhi, Suphala and SreeDhara
and the ginger varieties are Athira, Karthika, ISR Varada and Himachal and turmeric
varieties are Alleppy, Suguna, ISR Kedaram and Varna etc. (KAU, 2016). Now a
days these crops are mostly grown in raised beds in garden lands and wet lands of

Kerala. The recommended bed sizes for coleus is width of 90 cm and height of 15-20



cm while that for ginger and turmeric is 1.0 to 1.2 m width and height 25 cm. The
spacing between beds is 40 cm. (KAU, 2016)

The coleus belongs to the Lamiaceae family often called the mint family.
Coleus is one of the minor tuber crops grown for its edible tubers, which have special,
flavour and taste and used as vegetable. It is also called as 'Chinese potato’, in English.
In malayalam it is known as ‘koorkka’. A well-drained medium fertile soil is suitable
for its cultivation. It is grown in most of the homestead gardens of Thrissur, Palakkad
and Malappuram districts. It grows well in warm humid climate and in drained
medium fertile soils. Coleus is growing in paddy fields as well as in garden lands.
Tender shoot tips collected from the nursery are planted in the main field on raised
beds at a spacing of 30 x 15 cm at a depth of 5 to 10 cm. Harvesting is done when

haulms dry up, i.e., 4 to 6 months after planting (Younus, 2016).

Ginger (Zingiber officinale) is one of the very important cash crop and
principal spice of India and abroad (Bartley and Jacobs,2000). It is a perennial plant
that grows to a height of 600 to 900 mm from underground rhizomes in tropical and
subtropical climate (Mendi et al., 2009). Ginger can be grown in both rain fed and
irrigated conditions. For successful cultivation of this root crop, a moderate rainfall at
sowing period till the rhizomes sprout, fairly heavy and well distributed showers
during growing period and dry weather for about a month before harvesting are
necessary. Ginger thrives best in well drained soils like sandy loam, clay loam or
lateritic loam. Ginger is one of the spices that assist large number of farmers in the
states of Kerala, Karnataka, Arunachal Pradesh, Orissa, West Bengal, Sikkim and
Madhya Pradesh (Karthick et al., 2015). However, Kerala, Karnataka, Orissa, Assam,
Meghalaya, Arunachal Pradesh and Gujarat together contribute 65.00 per cent of the
country’s total production. Ginger accomplishes full maturity in 210-240 days after
planting. Harvesting of ginger for vegetable purpose starts after 180 days based on the
demand. However, for making dry ginger, the matured rhizomes are harvested at full
maturity i.e. when the leaves turning yellow and start drying. Usually, In India the

crop is harvested between January and March months.



Turmeric is a tropical herb and may be grown on various forms of soil under
irrigated and rainfed conditions. Loamy soils having precise drainage are ideal for the
crop. It is a shade tolerant crop with shallow roots appropriate for intercropping India
is the world’s largest producer of turmeric (Curcuma longa) known as ‘Indian
Saffron’ and considered the best due to its high curcumin content. It is used in
diversified industries as condiment, a flavouring and colouring agent and principal
ingredient in curry powder apart from pharmaceuticals and cosmetic industry. The
country consumes 80 per cent of turmeric production and the rest is exported.
Turmeric is grown in 25 States of India with Kerala, Andhra Pradesh, Tamil Nadu,
Karnataka and Orissa being the leading producers. Other main producers of turmeric
are Gujarat, West Bengal, Assam, Meghalaya, and Maharashtra. India has nearly 246
thousand ha under turmeric cultivation with a total production of 1389.0 thousand
million tonnes during the year 2018-19. During 2017-18, The area under turmeric has
increased by 5.58 per cent compared to 2016-17. A highest turmeric cultivation of
23.58 per cent was recorded in Palakkad district during 2017-18 (Anon, 2019). The
Area, production and productivity of coleus, ginger and turmeric in Kerala (2017-18)
and India (2018-19) are shown in Table.1.1 and 1.2.

Table 1.1 Area, production and productivity of root crops in Kerala (2017-18)

Root crops Area (ha) Production (tones) Productivity (MT ha?)
Coleus 1271 25420 20.00

Ginger 4370 86270 19.74

Turmeric 2780 6506 3.17

Source: Farm guide, 2019 (Farm Information Bureau, Govt. of Kerala)

1.2Area, production and productivity of root crops in India (2018-19)

Root crops Area (ha) Production (MT) Productivity (MT ha?)
Coleus 1271 25420 20.00

Ginger 175000 1451000 8.3

Turmeric 246000 1389000 5.6

Source: Department of Agriculture, Cooperation and Farmers (Horticulture Statistics

Division, Agricultural Statistics at a glance, 2019.



Indian Scenario of coleus, ginger and turmeric

Cultivation of ginger and turmeric play an important role as a spice. There was
considerable increase in the area from 53.60 and 124.00 thousand ha in 1989-90 to
175.00 and 246.00 thousand ha in 2018-19 for ginger and turmeric, respectively.
However, the production has increased from 156.1 and 459.5 thousand tonnes in
1989-90 to 1451 and 1389.00 thousand tonnes in 2018-19 for ginger and turmeric,
respectively.

In the root crops production viz. tubers and rhizomes cultivation, harvesting is
one of the most critical operation in which the tubers/rhizomes are to be dig out from
soil without any bruise. They need to be manually separated from the soil and
collected from the field. In the conventional method of harvesting, these are dugout
manually with the help of hand tools i.e., special fork, spade and pick axe. Bullock
drawn, tractor and power tiller drawn implement are commonly used to dig out these
tubers/rhizomes. It was found that there is a noticeable damage to the tubers/rhizomes
during harvesting. However, due to non-availability of suitable devices, Manual
digging operation is carried out. It is not only laborious and costly but also causes 10-
15 per cent damage to tuber/rhizome as these are to be dig out the clump and the
possibility of bruise the tuber/rhizome is more (Jayashree and Visvanathan, 2011). It
is reported that about 150-185 man h per hectare is required for harvesting of sweet
potato (Kepner et al., 2005). Thus, this method of uprooting is highly labour intensive,
tedious and time consuming. The post-harvest studies of ginger indicated that,
approximately 70 per cent of the rhizomes are spoiled and wasted due to the storage
rots caused by difficult harvesting and handling practices resulting in damage of skin
and flesh of the rhizomes (Rattan et al., 1988).Bruising and damaging the
tubers/rhizomes indirectly affect its quality and market price. Also there is difficulty
often to get required labour for harvesting tubers in time. Hence there is a need to
develop suitable mechanical harvesting machines for the root crops. It ensures

timeliness of operation, reduces cost of harvesting, crop damage and drudgery.

Development of a suitable attachment to the conventional farm tractors to
harvest the tuber/rhizome appear to be the most appropriate mechanical harvesting
technology to satisfy the requirements in harvesting tubers/rhizomes by the farmers.



This will help to achieve increases yield with minimum field losses, damage and cost.
An appropriate mechanism attachable to a tractor P.T.O power with digging and soil
separator units will serve the purpose. With these in view, an investigation to develop
a suitable tractor operated root crop harvester to dig out the tubers/rhizomes was taken

up with the following objectives.

1. To study the soil and crop parameters to design a root crop harvester

N

. To develop a tractor drawn root crop harvester

3. To test and optimize the machine parameters of the root crop harvester

SN

. To workout economics of the developed root crop harvester
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CHAPTER II
REVIEW OF LITERATURE

The scientific information on root crops in relation to soil, crop and machine
parameters have been outlined in this chapter. The reviews on operational parameters
affecting the performance on digging, handling, collecting and separating units are
briefed. The experimentation procedure and concerned design values were fixed after
reviewing the information pertaining to the digging and separator units of the root
crop harvester. The most recently designed on the root crop harvesting systems and
the methods adopted for its performance evaluation have been reviewed to meet the

required standards experimental trials.

A detailed review of the information pertinent to the above aspects of the problem

under the study is grouped under the subsequent headings.

i.  Soil parameters
ii.  Crop parameters

iii.  Development and testing of root crop harvesters

2.1 SOIL PARAMETERS

The performance of a soil working tool was mostly affected by soil moisture
content and bulk density. The amount of power required to draw a soil interacting tool

is completely dependent on the bulk density of soil.

Yumnam and Pratap (1991) recommended the optimum values of rake angle
between 10 and 30 deg. for minimum energy requirement for root crops, since the
blade rake angle affects the energy consumption in cutting and digging the soil.

Waulfsohn et al. (1996) studied the shear strength of the soil different soil based
models and concluded that soil and water characteristics determine the soil behavior.
It has been predicted that for a tool width and depth ratio of 5, performing at 15 cm
depth and 40 deg. rake angle, the draft force of the device increased at 15 per cent
moisture content to 2 kN, whereas the draft increased to 5.5 kN when the soil moisture

was decreased to 13 per cent.



Duraisamy (1997) observed that the decreased in soil moisture content
increased the draft requirement for mechanical harvesting of groundnut and suggested
13.5 per cent as optimal soil moisture for loamy sand and sandy loam soils to harvest

groundnut.

As the working width of the tool increases, the amount of draft required also
increases (same applies for depth and rake angle). Change in rake angle doesn’t affect
the cross-section of soil being disturbed but controls the draft and soil cutting
efficiency (Saleh et al., 1997).

Ferguson et al. (1998) studied the wear of shares of the cultivator with
commercial sweeps of 5 mm thick and 150 mm wide at the operating speed of 12 km
h for the cutting depths of 75 mm and 55 mm. The tests were carried out for 2 to 8
km h't of travel speed in the two different types of soil containing 0 and 9 per cent
gravel. The life of the share found out was 168 km in the soil containing O per cent

gravel and 9 km in the soil containing 9 per cent gravel.

Agodzo and Adama (2003) measured the cone index of a soil and had been
shown to be affected by its water content and bulk density and was usually measured
in kilo Pascal (kPa). According to USDA (1990), penetration resistance (Cone Index)
depends on the soil water content, soil, the larger the resistance to penetration.
Therefore, the water content of the soil should be noted when taking a measurement of

cone index.

Ramachandran and Jesudas (2017) measured the cone index of soil in wet land
using digital cone penetrometer. Penetration resistance of the soil were measured at 4
different places under wet land at begin of puddling operation by tractor. The data of
cone index values decreased with the increased in moisture content of the soil. The
cone penetrometer with a cone base area of 7.80 cm? was used to measure the strength
of soil. The penetration resistance in the upper layer of the soil varied from 13.63 to
35.00kPa in CWL and 6.30 to 40.57 kPa in CPBS. In case of ADT and BSR sites, the
soil strength profile was determined to be uniform and average penetration resistance
in 0 to 30 cm depth varied from 67.66 to 166.73 kPa and 75.91 to 169.85 kPa

respectively.



2.2 CROP PARAMETERS

The performance of any agricultural machines is affected by the shape and size
of the agricultural material being handled. The operational efficiency of a harvester is
said to be a function of the orientation of the feed being loaded. Knowledge of the
physical properties of a material will go a long way to enhance efficient design of

machines and systems for the harvesting of such materials.

Govindarajan (1980) indicated that in turmeric, the vegetative growth
characteristics which included number of plant tillers, plant height and size of leaves

etc. were found to related with yield.

Sivaraman (1992) reported number of tillers, number of mother rhizomes and
number of primary and secondary fingers per hill as major yield attributes of turmeric.
The information suggested that the most important single impact on the quality of
dried turmeric is the intrinsic characteristics of the cultivars grown, and that the
second most important factor is probably the stage of maturity of the rhizome at

harvest.

Chattopadhyay et al. (1993) stated that, the turmeric yield decreases with the
increase in spacing and 20x30 cm spacing was found out as optimum and gave
significantly higher yield of 25.72 t ha™.

Bobobee et al.(1994) studied the impediments of soil attributes, nature and
tubers size, depth and width of cluster and bond between tubers and the soil towards
the development of a mechanical harvester for cassava. They observed that the
damage of tubers deteriorated rapidly after 3 days of harvesting of cassava. Matured
roots were spread over 1.0 m and penetrated into a depth of 50 to 60 cm. It was

concluded that difficult to readily mechanize harvesting as the tubers grow deeper.

Ashok (2003) studied the distinct biometric properties which included mean
values of horizontal and vertical diameters of bulb and neck thickness for 10 special
varieties of bulb onion. At the time of harvesting, he found out the mean horizontal
diameter, mean vertical diameter of bulb and mean neck thickness were 61.80 to 74.80
mm, 44.20 to 64.00 mm and 9.60 to 16.20 mm respectively.



Khura et al. (2010) studied the crop parameters of the onion bulb and were
found important in deciding the range of the design variables of the onion digger. The
percent distribution of the onion below the soil surface indicated that 76 per cent
onion bulbs were varied from0 to 5 cm and 24.0 per cent within the range of 0 to 6 cm
and reported that a saving in the cost digging was to the tune of 44 per cent of the
price of manual digging. Damage to bulb within permissible limit of less than 5 per
cent. The techno-economical evaluation ha h™ and the breakeven point was 122.20 h
with the payback period of 3.85 years.

Balasubramanian et al. (2012) observed the physical properties of turmeric
(Curcuma longa) rhizome was splited into three grades according to its major
dimension. In grade | the physical properties varied between 25-35 mm, in grade 1l
35-45 mm and in grade 111 45-55 mm. The average values of geometric properties viz.,
length of 30.38 to 50.60 mm, breadth of 9.77 to 10.64 mm, thickness of 5.18 to 6.44
mm, arithmetic mean diameter of 15.82 to 21.91 mm, geometric mean diameter of
12.77 to 13.76 mm, square mean diameter of 24.24 to 28.58 mm, equivalent diameter
of 17.61 to 21.41 mm, sphericity of 0.27 to 0.42, aspect ratio of 0.20 to 0.35, unit
volume of 1641 to 2901 mm3, surface area of 771 to 1265 mm? and shape factor of
1.63 to 1.77 for grades I, 11 & 111 were observed and frictional properties viz., angle of
repose of 37.57 to 38.90 deg. and coefficient of friction for aluminium sheet, mild
steel sheet and plywood sheet for grades I, Il and 11l were ranged between 0.69-0.81,
0.84-0.94, 0.80-0.86 respectively.

Khambe et al. (2012) measured the crop properties of garlic. He determined
that leaves of garlic crop were in range of 5 to 7 numbers with 7 modal value, even as
the plant length varied 64.90 to 75.50 mm, with mean value of 69.34 mm. The depth
for bulb of garlic which affected the depth in the range 68 to 86 mm with a 76 mm as
modal value. Polar diameter and equatorial diameter that affected rods spacing of
windrower varied 33.13 to 40.48 and 30.26 to 36.82 mm and their mean values of
37.24 and 34.06 mm respectively. The average shape factor was measured as 0.96.
Also, cutting resistance varied from 442.32 to 486.01 N and crushing resistance of
garlic 202.54 to 231.53 N respectively.
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Simonyan et al. (2013) determined the physical properties such as geometric
mean diameter(GMD), arithmetic mean diameter (AMD), square mean
diameter(SMD), equivalent mean diameter(EMD), aspect ratio, sphericity, mass,
volume and particle density of two varieties of ginger at rhizome moisture contents of
73.64 and 77.13 per cent (w.b), for Umudike ginger I (UG I) and Umudike ginger 1l
(UG 1) respectively. The mean value of ginger rhizome sphericity was 0.43and 0.50
and Aspect ratio 0.46 and 0.58for UG | and UG 11 respectively. They suggested that
processing machines with adjustable components were required for the two varieties

of ginger rhizomes.

Yadav et al. (2013) conducted the field trials to determine the optimum date of
planting and spacing of rhizome to obtain excellent growth and yield of ginger variety
Mahima. Rhizomes planting on 15" April showed better growth, yield and attributing
characters of yield. Among different spacing levels, the closer spacing of 25 x 15 cm

recorded significantly higher plant height, green and dry ginger yield.

Ajav and Ogunlade (2014) calculated physical properties of ginger (Zingiber
officinale) rhizomes viz., diameters of ginger, geometric mean (GM), sphericity, bulk
volume, bulk density of crop, surface area, angle of repose and the coefficient of
friction. The mean value of major diameter of 112.0 mm, minor diameter of 38.3 mm,
intermediate diameter of 72.3 mm, GM of 67.6 mm, sphericity of 0.61, bulk volume
of 832.5 cm?, surface area of 147.0 cm?, bulk density of 0.92 g cm3and angle of
repose of ginger rhizome with 10.9 and 51.6 per cent (d.b) moisture content were
measured respectively. The coefficient of friction on three various structural materials
was obtained as 0.40 on glass, 0.49 on stainless steel and 0.55 on wood. The physical
properties increased with an increase in the moisture content except for the sphericity

and bulk density which were decreased as the moisture content increased.

Dhinesh Kumar and Ananda Kumar (2016) studied physical and engineering
properties of turmeric (Curcuma longa) rhizome. They divided the turmeric samples
into three grades as I: 30-40 mm, II: 40-50 mm and I1I: 50-60 mm according to its
major dimensions. Geometric properties viz., length, breadth, thickness, arithmetic

mean diameter, geometric mean diameter, square mean diameter, equivalent diameter,
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sphericity, aspect ratio, unit volume, surface area and shape factor were found out in
the range of 30.18-48.54 mm, 9.72-10.62 mm, 5.12-6.38 mm, 14.72- 22.84 mm,
12.72-14.64 mm, 23.21-26.54 mm, 17.54-21.32 mm, 0.24-0.38, 0.18-0.32, 1591-2904
mm?3, 772-1268 mm? and 1.61-1.74 for Grade I, Il and Il respectively. The
gravimetric and frictional properties such as bulk density, true density, porosity and
angle of repose were obtained as 264-348 kgm, 1340-1358 kg m™, 72.51-78.90 per
cent and 35.57-37.90 deg. respectively. Also, coefficient of friction with three
different surfaces namely aluminium sheet, M.S sheet and plywood sheet were found
out in the range 0.68-0.80, 0.85-0.96 and 0.82-0.88 respectively.

Yerima et al. (2016) measured the frictional properties of yellow ginger such
as angle of repose on different surfaces of wood, mild steel, galvanized iron and
stainless steel and other physical properties such as size, weight, tensile and
compressive strength using simple analytical methods. The angle of repose which
determined the flowability of the ginger in a hopper made of stainless steel was 35.0
deg. The tangent of this angle is the coefficient of friction between ginger and the
stainless steel. The compressive stress was 1.75 N mm2 while that of tensile stress
was 0.37 N mm2,

Khambalkar et al. (2017) studied the physical properties of turmeric. The
average length of rhizome was 58.11mm, breadth 36.71 mm and thickness of 30.17
mm. The average weight of rhizome was found 34.87 g. The average arithmetic mean
diameter (AMD), square mean diameter (SMD), equivalent mean diameter (EMD),
geometric mean diameter was observed as 41.66 mm, 70.22 mm, 50.57 mm and 39.80
mm. The average surface area and unit volume obtained were4370.74 mm? and
25261.37 mm?3.The average value of angle of repose, true density and bulk density
were18.060, 1018.95 and 529.66 kg m. The average shape factor was calculated as
0.03. The porosity ranged from 32 to 63per cent. The average sphericity was found

outas 0.71 mm.

Surendra Babu et al. (2017) conducted a test to elicit the details on
performance of different ginger (Zingiber officinale) varieties under shade net

condition. Among the vegetative characters observed, all the growth parameters such
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as maximum plant height of 89.83cm, number of tillers per plant as 28.56, number of
leaves per plant as 245.16, leaf area per plant as 49.39 cm?, leaf area index as 0.27

were detailed in the variety of Suprabha at 30 t0180 days after planting.

Wasiya et al. (2017) studied the physical properties of raw PTS 10 turmeric
variety. A sample of 30 turmeric rhizomes (var. PTS 10) was selected for analyzing
their physical properties. The average values of their geometric properties viz., length
(90.73 + 12.12 mm), breadth (22.03 + 2.25 mm), thickness (20.64 + 2.2 mm),
Geometric mean diameter (34.45 + 2.96 mm), Arithmetic mean diameter (44.46 *
4.49 mm), Square mean diameter (44.46 + 4.49 mm), Equivalent diameter (48.18 *
4.41 mm), Aspect ratio (0.25 + 0.04), Unit volume (12413.53 + 3185.09mm? ),
Surface area (3451.72 + 585.75 mm? ), sphericity (0.38 + 0.04), shape factor (0.97 +
0.03) were reported. The gravimetric properties viz., Bulk density (468.417 + 3.304 kg
m=), True density (785.13+9.141 kg m* ) and Porosity (0.403+0.009 per cent) were
reported. The frictional properties viz., Angle of repose (50.47 deg.), Coefficient of
friction for Stainless steel (1.128+0.13), Coefficient of friction for Mild steel (1.172
+0.097), Coefficient of friction for Galvanized iron (0.903 +0.012) and Coefficient of
friction for aluminium (0.903+0.023) were reported.

Bhawna et al.(2018) determined the physical properties of fresh Mahim
variety of ginger rhizomes. The range of moisture content of fresh rhizomes was 76.18
-78.84 per cent. The average length, width and thickness of fresh ginger rhizome were
109.94 mm, 71.71 mm and 25.24 mm respectively. The mean values of geometric
mean and sphericity of fresh rhizomes were 57.97 mm and 0.53 mm respectively. The
average mass, volume and surface area of fresh rhizomes were 81.55 g, 77.75 cm? and
174.99 cm?. The range of bulk density, true density and porosity for fresh rhizomes
were determined as 435.60t0410.78 kg m, 1317.55 t0951.10 kg m* and 66.94 to
56.81 per cent respectively. The angle of repose varies in the range of 39.99 -50.44
deg.

Abedi et al. (2019) studied the physical properties of two different varieties of
potatoes that have important effect in the separation of tubers from clods and stones.

The properties of potato viz., dimension, mass, volume, sphericity, surface area and
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density. In addition to these, the static coefficient of friction and rolling resistance for
the tubers on 5 surfaces were found out. The outcomes of the study showed that most
of the apparent properties for the Sante variety were greater than the Marfona variety
of potato. The coefficient of friction was the maximum on a wood surface and
minimum on galvanized sheet. The results proposed that the automatic separation of
the potatoes from the unwanted materials with help of the properties of the tuber is

feasible.
2.3 DEVELOPMENT AND TESTING OF ROOT CROP HARVESTERS

Anon. (1974) developed a tractor drawn digger at PAU, Ludhiana consisted of
a 1220 mm long digger blade to uproot the groundnut. It was also provided to easily
removal of the harvested groundnut and collection of groundnut by manual labour

without any loss in the field.

Trivedi and Singh (1975) developed and evaluated digger for potato. The
digger was evaluated at different travel speed of operation with three different blade
types provided at a rake angle of 20 deg. The results obtained from the test showed
that the convex-type blades perform well compared to concave-type with the complete
recovery of tuber with 87.60-93.44 per cent while for concave blade it was 77.47 -
82.14 per cent and the operating depth of digger was maintained 200 mm to overcome

damage and loss of the potato.

Evans et al. (1982) studied the effect of arrangement of tillage tools on draft
required in sandy loam and clay soil. The arrangement made was the geometric
orientation of adjacent tillage tools at three angles of 0, 30 and 60 deg. from the plane
of the tools. Three radii of 610, 432 and 254 mm were selected at maximum depth of
operation of 229 mm. They observed that for each configuration there was a depth at
which specific draft reached a minimum which suggested the possibility of optimum

depth of operation for a given configuration.

Harrison (1982) conducted test on inclined blades at different rake angles in a

glass sided box and measured the forces on blades. It was noticed that the draft had
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directly affected with positive rake angle and depth. The draft increased at slower rate

at 20 deg. rake angle and increased extremely beyond the 20 deg. angle.

Misener and McMillan (1982) developed a potato digger. It was consisted a
hydraulic elevator kept at 15deg. angle to the horizontal. The gauge wheels with
coulters were provided opposite the blade share of the potato digger. The test results
revealed that the digger improved the harvest efficiency and there was no stir of

adjacere hills of tubers.

Odigboh and Ahmed (1982) developed a cassava harvester which had a
separately powered rotary ridge and flat type knives mounted in front of tractor to cut
the stems and cassava root lifter mounted behind the tractor. The root lifter was a
reciprocating V-shaped hoe mounted at the rear of the tractor. The rake angle was 20
deg. to achieve maximum penetration and scouring. The breakage to the cassava was
1.5 to 2.7 per cent in the ridge type and 9.7 to 10.3 per cent in flat type with undug
being 1.8 to 2.5 and 15.1 to 16.6 percent respectively. Also calculated that the tractor
operated cassava harvester could effectively save 20 man-h for harvesting 0.16 ha in

cassava field.

Mizrack et al. (1983) evolved and examined a groundnut digger with picker
conveyor suitable for sandy and clay loam soils. The top layer of the soil consisting of
groundnuts that remained after completion harvesting was elevated by digger and
removed the loosed soil. A vibrating rod in conveyor system separated efficaciously
the clods of soil and cobs. The results showed that the digger could be efficiently

recover groundnuts from clods at field efficiency of 75 per cent.

Saqib and Wright (1986) designed and tested vibratory diggers for harvesting
of sweet potatoes in cloddy condition. They have investigated the effect of maximum
acceleration of vibration and three variables viz., velocity, amplitude of mechanism
and vibration frequency on geometric mean diameter (GMD) of clod size and on per
cent reduction in the soil cold in boil bulk density after operational trial. A rotary soil
sieve was constructed and used for soil separation and clod size measurement. The
operations of vibratory and non-vibratory type digger blades were compared with each
other. Acceleration (Peak) values greater than 3 g produced around the same clod
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break up and reduction in soil bulk density. Peak acceleration below 1 g resulted in

poorer clod disintegrate.

Sharma and Verma (1986) designed and developed tractor operated an
oscillatory type potato digger. The digging units consisted of straight blade and lifting
rods were kept space to allow the cloddy soils and residual to drop on surface of the
soil. A digger blade was tested at different frequencies ranged from 0 - 8 Hz and at
forward speeds ranged 0.35 to 0.75 m s™. The results revealed that the exposed and
bruised tubers were 49.94 and 0.40 per cent respectively without any oscillation of the
blade. However, at 8.0 Hz oscillation, 14.14 and 0.90 per cent the unexposed and
bruised tubers were observed respectively. Estimated that the harvesting of tubers
required about 600 man-h ha* for manual digging over an animal drawn plough which
reduced the labour to 300 man h ha’. It was reported that the tractor operated digger
required only 80-90 man-h ha.

Tiwari et al. (1994) conducted studies to evaluate the performance of three
types of tractor drawn potato digger viz. oscillatory sieve potato digger soil separator,
elevator conveyer digger and two mechanical diggers. The diggers were operated at
different forward speed ranging from 0.29 to 1.2 ms™. Its performance in terms of
recovery, cut, bruise, damage and labour requirement for picking were evaluated. The
maximum potato recovery of 98.77 and 85.07 percent were obtained with oscillatory
sieve and elevator conveyer diggers with minimum forward speed of 0.29 ms™?. In
case of mechanical diggers, the recovery was about 69.24 percent at a speed of 1.2 ms”
1. The labour requirement for picking and collection of tubers was found minimum
103 man-h ha® with oscillatory sieve digger and maximum 220 man-h ha? with

mechanical digger.

Jadhav et al. (1995) designed and developed a self-propelled onion digger with
soil separator unit. They revealed that the per cent of damage bulbs varied 2.63 to 3.45
per cent and actual field capacity was 0.16 to 0.19 ha h™t. The digging efficiency was
66 to 93.23 per cent.

Fielke (1996) investigated the interaction effects of tillage implements cutting
edge with parameters of soil at different forward speed of operation. He reported that
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at higher speed of operation there was increased in the draft with increased cutting
edge height which was found out to increase the forward and reduced movement of
soil at the edge of the tool blade. He also found out that increased the edge of the tool
blade height from 1 to 10 mm raised the draft by 40 to 75 per cent and increased the

up thrust vertically by same magnitude.

Agbetoye et al. (1998) evaluated the performance of the three pre-lift soil
loosening devices of cassava harvester. Three loosening tools of soil were modified
for pre-lift loosening the soil in the uprooting of cassava and evaluated the device in
terms of disturbance of soil and forces of soil acting on them in a soil bin as well as in
the field condition. The results of the three devices showed that, the A type blade had
the least soil forces and unit draft followed by the L-type tines. Further, the results
indicated that the L-type of tines were most suitable for pre-lift soil loosening in
harvesting due to their simple in fabrication reduced the damage to cassava. The
results showed that a harvester incorporating L-type of tines as the pre-lift soil loosing

device was technically feasible.

Dawelbeit and Wright (1999) designed and tested a vibratory digger for peanut
(Arachis Hypogea, L.) in two different soil types. Tests were carried out at two
forward speeds viz., 2.40 and 4.80 km h™, two different frequencies of vibration viz.,
9 and 16.7 Hz and two amplitudes of vibration viz., 3.2 and 9.6 mm respectively. They
observed that tractor forward speed and amplitude of vibration except frequencies, soil
types were significantly affected the draft of the digger. Also it was noticed that the
vibration not significantly affected peanut losses.

Sunil and Manjit (1999) developed an oscillating type potato digger. Digger
consisted of horizontal oscillating mechanism. The optimum speed of travel of digger
was 2.0-3.0 km ht. Its field capacity (AFC) was 1.75 ha day™ and the tuber exposed

was 85-90 per cent with respect to soil and field conditions.

Kathirvel et al. (2001) developed and tested ridge type sliding potato digger
for power tiller. They compared performance evaluation of unit with traditional
method on the basis of area coverage and damage of tuber. They reported that damage
to potato tubers were 1.4 to 5.2 per cent as compared to 1.10 per cent damage with



17

manual harvesting of potatoes. The EFC of the machine was 1.6 ha day™® while
digging and soil separator efficiencies were 98.00 and 90.00 per cent, respectively.
The bruised potato observed was 1.50 per cent and requirement of labour for picking
of uprooted tubers was 50 per cent lesser than dig out by an elevator digger.

Gadir and Desa (2001) evaluated the performance of tractor drawn peanut
digger blades viz., flat type, curved type, V-type and double discs. The results showed
that the V- type had lesser mean draft for increased digging depths for inclined angles
of 0 to 40 deg. compared to other types of blades. It was concluded that the design of
V- type digger was recommended for peanut harvester

Tiwari and Jethva (2001) developed and tested two row groundnut digger
blade for small tractor and compared with traditional blades. The newly developed
groundnut digger straight blade in the size of 750x250x10 mm was found out as the
most suitable digging tool as it was performed with a field capacity of 0.126 ha h

with a field efficiency of 77.80 per cent and harvesting efficiency of 94 per cent.

Anon. (2002) developed tractor mounted turmeric digger at M.P.K.V, Rahuri.
The blade length was 60 cm and depth of digging was 18-20cm. A set of lifting
rods/gathering rods at the rear of the blade lifts the harvested rhizomes to drop it

backward but the draft requirement was reported higher.

Kathirvel and Manian (2002) studied the effect of tool geometry on the
harvesting efficiency of turmeric with various design parameters namely, blade shapes
of crescent, straight and inverted-V, rake angles of 10, 15 and 20 deg. and lift rod
lengths of 400, 500 and 550 mm. They found out that maximum harvesting efficiency
and minimum damage was obtained for crescent shaped blade with the rake angle of
15 deg. and lift rod length of 500 mm.

Rangasamy et al. (2003) developed tractor drawn root crop harvester for
turmeric rhizome. The forward speed of tractor with harvester was 2.5 km h™t. The
actual field capacity, harvesting efficiency and per cent damage of the root crop

harvester was 0.20 ha h*%, 99.0 per cent and lesser than 1 per cent respectively . The
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efficiency of traditional methodwas88.0 per cent with per cent damage of 8.0 per cent.

The saving in cost was 26.0 per cent with harvester over traditional method.

Annamalai and Udayakumar (2007) conducted experimental trials on the
optimisation of operational parameter of turmeric digger cum elevator. The harvester
consisted different parts viz., machine gear reduction box, uprooting unit, conveyor
unit for turmeric and turmeric collector unit. The harvesting efficiency of harvester
was 98.50 per cent. The design of conveyor unit was optimised for length, belt type,
sieving screen and velocity of the conveyor. The conveying index was found out as
99.00 per cent. The actual field capacity was 0.16 ha h™.

Sukhwinder et al. (2007) developed a tractor drawn offset-type digger for
potato crop as an inter-crop in the sugarcane. Man power required for mechanical
digging was found out as 60.0 per cent less than the manual method, whereas tuber
damage was less than 2.0 per cent. There was no damage to sugarcane crop while
harvesting potato except occasional trampling. About 0.25 ha h! was field capacity of
the offset type digger.

Ibrahim et al. (2008) invented a multipurpose device for digging potato and
peanut with a vibrating mechanism. It was tested at three levels of forward speeds viz.,
1.8, 2.0 and 2.6 km h™* for potato and 1.40, 1.80 and 2.30 km h'* for peanut at three tilt
angles of blade viz., 12, 18 and 24 deg. When it was operated without using the
vibrating unit, the per cent of losses, damage and harvesting efficiency were 17.43, 4.0
and 79.70 per cent respectively and when it was operated with vibrating unit these
were 3.67 and 2.1 per cent respectively for potato. Similarly, when operated without
the vibrating unit the percent losses, damage and harvester efficiency were 13.7, 2.75
and 93 per cent respectively and with the vibrating unit these were 3.1, 0.6 and 84.62

per cent respectively.

Sadeeq and Al-Rajaboo (2008) studied the effect of separating systems design
of potato diggers on quantitative and qualitative loss of crop. A research was carried
out in silt sandy soil in Mosul City, at three ground speeds of 1.5, 2 and 2.5 km h and
two relative speeds of 1.38 and 1.15 km h! for separation device to determine its
effects on the quantitative and qualitative crop loss for two lifters. A significant
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difference was recorded between the two separation devices of lifting machines, its
effect on the guantitative loss, undamaged, slightly damaged and severely damaged
tubers gave better results than the traditional one. The ground speed affected the
lifting operation of the undamaged tubers. It gave the best results at 1.5 km h™ and

also the ground speed didn’t show any effect on other properties.

Munde et al. (2009) developed a pair of bullock drawn digger for turmeric. It
was consisted of V-type blade with 70.0deg. angle of inclination and evaluated in field
condition. The performance evaluation of digger was done in terms of percent
damage, efficiency of digging, field efficiency (FE)and draft force requirement over
existing implement and manual digging. He was observed requirement draft force for
bullock operated turmeric digger was found out as 108 kgr. The rhizome damage was
less than 10.7 per cent. On an average the digging efficiency and field efficiency were
varied 86-95 and 71.0-88.0 per cent respectively.

Elbanna et al. (2010) fabriacted a sugar beet harvesting machine. It was made
for harvesting of single row of crop. He was designed by using two function such as
pulling and topping. The pulling mechanism consisted of 3 important sugar beet
harvester parts namely, two normal shares for losing the bund of the root, pulling belt
and disk knife as a topping mechanism. Two opposite belts were provided to for push
on leaves and pulling sugar roots, he was provide two opposite belts and topping the
leaves before crop was dropped on rear surface of soil. The forward speed of machine
was 1.50-2.00 km ht with 50-65 hp tractor. The harvesting capacity was 0.5 ha ht.

Khura et al. (2011) conducted performance evaluation of onion digger. He was
measured draft requirement and digging efficiency of 6 shapes of blades for onion
harvester and it was also found out as the mean draft force of 625.60 N achieved for
inverted V- type blade. The optimum design values such as length of elevator, speed
ratio of the unit and elevator slope were found out as 1.20 m, 1.25:1 and 15.0 deg.
respectively. The efficiency of digging, separation index, bulb damage of onion
harvester were found out as 97.7, 79.1 and 3.5 per cent respectively at 10.78 kN of
draft.
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Annamalai and Ravindra (2012) developed a power tiller operated harvester. It
consisted of chisel type single digger blade and rubber conveyor cum vibrator. The
mechanical harvester performed better with harvesting efficiency of 98.00 per cent at
soil moisture content of 15.5 per cent (d.b) with 2.00 per cent damage. The effective
field capacity was 0.08 ha h™. In manual digging, the average efficiency of harvesting

was 90.50 per cent and nut damage was 07.10 per cent.

Danuwat and Seree (2012) developed and tested a cassava digger with
conveyor unit and the results indicated that the field capacity, field efficiency and
conveying losses were 0.05 ha h 1,59.10 per cent and 3.23 per cent respectively

without losses.

Jayan and Sanchu (2012) reported a self-propelled coleus root crop harvester
to alleviate the drudgery of uprooting the tuber. The harvester consisted of a 2 stroke
diesel engine and harvesting units and main frame. The engine drives the ground
wheel of engine with a chain and sprocket. The harvester was evaluated in a field
condition with three different types of tines viz., angular, flat and cylindrical types. It
was reported that the specific fuel consumption increased with load and was found
that the maximum with flat tines and minimum with cylindrical tines. The actual field
capacity was the 0.07 ha h'* when operated with cylindrical tynes and the harvesting
efficiency of 80.12 per cent was obtained for angular tynes.

Akinbamowo (2013) developed a cocoyam (Xanthosoma spp.) harvester. The
machine was evaluated at different operational speeds viz., 2.0, 4.0 and 6.0 km h?,
rake angles viz., 15, 20 and 25 deg. and web speeds viz., 540 and 1000 rpm. He was
reported that the average harvest rate of 12.02 ton h! and average digging efficiency
of 84.20 per cent. The results showed that, when the harvester was operated at
optimum speed of 6.0 km h* for higher field capacity, 20 deg. angle of blade with the
web speed at 1000 rpm, the optimum condition of digging most cocoyam cormels
obtained with minimum losses at optimum speed of 4 km h™ and web speed of 540

rpm.

Khambe et al. (2013) fabricated a tractor operated garlic harvester for four
rows. The garlic harvester was consisted of a V-type blade of 600 mm width, 10 mm
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of thicknessand300 mm length. Soil separator unit was 100 cm long, 65 cm width and
with 1 cm diameter rods having 5 cm spacing. Mean of harvesting efficiency of
96.12percent, damage of 5.94 per cent, soil separation index of 26.0 per cent, power
requirement of 4.54 kW and field capacity(FC) of harvester was 0.24 ha h?! with
efficiency of 68.70 per cent.

Akhir et al. (2014) fabricated and tested a sweet potato digger. The 3 types of
blades viz., flat type, V-shaped and hoe type were constructed to find out the
optimised draft. As compared all types of blade and depths of blade to measured draft
force and the area of cross section of disturbance of soil showed that the highest draft
force of 0.54 kN m™ was obtained by a flat type blade at the depth of 20.0 cm when
the area of coverage was 0.18 m?. The V-type blade had average draft force of 0.51
kKN m2, with area of coverage of 0.185 m2. The best optimal solution was V-type
blade with a 30 deg. rake angle at 20 cm depth.

Amin et al. (2014) modified and tested the digging harvesting machine to
perform the effect of harvesting speeds on harvesting carrot as lifting, unlifting,
damaged, undamaged and machine productivity. The experiments were conducted on
carrot harvesting under three different levels of separator lengths of 450, 700 and 1200
mm, reciprocated cam with link lengths of 180, 210 and 240 mm and three forward
speeds 0f3.6, 5.1 and 7.2 km h! and three shares of sweeping, nose and shovel. The
maximum value of carrot lifting efficiency was 99 per cent recorded at nose shape
type, 3.6 km h' harvesting speed, separator length 1200 mm and reciprocated cam
with link length of 210 mm. At reciprocated cam with link length of 180 mm,
increased forward speed from 3.6 to 7.2 km h increased the unlifted of 6, 7 and 9 per
cent times at separator length of 450, 700 and 1200 mm respectively. Generally,
increasing harvesting speed increased carrot damage. Increasing forward speed from
3.6 to 7.2 km h! decreased productivity under all treatments at reciprocated cam with
link length of 180, 210 and 240 mm.

Amponsah et al. (2014) conducted field trials in the experimental plot to found
out the efficiency of four manual harvesting mechanisms for tapioca in terms of actual

field capacity (AFC), drudgery level and damage. The harvesting of tapioca was done
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by using developed harvester, hoe tool and manual uprooting. The results revealed
that, under “upland mound method” of land preparation, the developed harvester
recorded the least harvesting capacity was 16.73 man-h ha® whereas the use of hoe
tool recorded the highest which was 43.72 man-h harespectively.

Aziz et al. (2014) prototyped and developed a single row tractor operated
potato digger with rotary type blade. In order to separate the soil from potato tuber, a
helix containing bars of 9 mm @ and 2.6 cm length were separately attached to digger.
The digger was tested at field with speed of operation, rotational speed and angle of
blade. The results showed that at speed of operation 1.5 to 3 km h%, rotational speed
of 20 to 25 rpm and blade angle of 10 to 15 deg. it worked efficiently with 4.0 per cent

damage of potato crop.

Hong et al. (2014) developed tractor mounted welsh onion harvester. The
harvester performance was evaluated at the forward speeds of 5.0, 11.4 and 15.8 cm s
1 and compared performance parameters of harvester by the performance efficiency,
harvesting rate and damage of the onion harvester. It was shown that work efficiency
of the harvester was increased as the forward speed increased. Although the damage
of the harvested welsh onions at different forward speeds viz., 5.0, 11.4 and 15.8 cm s
! increased proportionally from 4.55 to 6.53 per cent and to 11.29 per cent
respectively. The residual quantity of soil on the harvested welsh onions was about

0.24 per cent of their weight showed excellent soil-removal of the harvester.

Mareppa et al. (2014) fabricated and evaluated a self-propelled groundnut
digger. They tested digger at various levels of evaluation parameters viz., moisture
contents of 10, 12.5 and 15 per cent, rake angles of 10, 15 and 20 deg. and forward
speeds of 1.50, 2.00 and 2.50 km h. The performance evaluation of the digger was
found out as excellent moisture content at 15 per cent with 15 deg. rake angle at 2 km
h** forward speed. The highest digging of 96.95 per cent was observed with a least
draft force of 1558.0 N.

Mehta and Yadav (2015) developed and evaluated the tractor operated onion
harvester. The developed onion harvester was able to dig the onion plants with blub
and laid these on the surface of bed unevenly. The theoretical field capacity of
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harvester was found out as 0.57 ha h* while actual field capacity was 0.45 ha h™* with
the field efficiency of 78.95 per cent. The harvesting efficiency was found out as
95.75 and 96.45 per cent for number basis and weight basis respectively. The savings
in time, consumption energy and harvesting cost of onion bulb were 87.64, 46.23 and

78.86 per cent over manual method.

Moayad et al. (2014) designed, developed and tested a self-propelled
groundnut harvester. Computer simulation method was applied to select the optimum
design of diggers before fabrication. It was reported that the operational parameters of
theoretical field capacity (TFC) was 0.061 ha h™and effective field capacity (EFC)
was 0.048 ha h' in sandy soil and efficiency of harvester obtained in clay soil was

more than that in sandy soil by 1.20 per cent.

Singh (2014) developed and tested the performance of the digger for onion
crop. The digger was operated at a speed of 4.0 km h™ with minimum losses and
recorded actual field capacity of 0.46 ha h™. The mean depth of digger blade was
76.20 mm. The study revealed that time required for digger operation including and
excluding the time in turning were 3.10 h ha and 2.38 h ha® respectively at a depth of
76.20 mm. The lift per cent, mean digging efficiency and damage percent were 94.9,
89.8 and 5.1 per cent respectively. It was also found out that there were 58 and 49 per

cent of saving in labour and cost.

Bangar et al. (2016) developed a multipurpose digger for potatoes. It was used
for separating and conveying it over the surface of soil with minimum losses and
damage. Potato harvester was developed with soil tuber separation mechanism unit.
The digger was tested at three different levels of forward speeds viz., 1.8, 2.0 and 2.6
km h respectively for potato and three different tilt angles viz., 12, 18 and 24 deg.
The optimum results were obtained at 22.0 cm depth of harvesting, 2.60 km hspeed

of operation and 18 deg. tilt angle.

Younus and Jayan (2016) modified and tested a self-propelled root crop
harvester for coleus. It was consisted of a prime mower of machine, cutter bar knife
and rotary type blade. As and when tiller moves, the cutter bar penetrated into the soil
at a depth of 10 to 15 cm and at an angle of 40 deg. to uproot the tubers.



24

Jarugula (2017) designed and developed tractor operated onion digger and
evaluated its performance. The harvesting efficiency was 100 per cent with all the
rake angle and travel speed. The damage percentage and draft requirement were 2.3
per cent and 550 N at rake angle of 20 deg. with forward seed of 2 km h%. The field
capacity of 0.19 ha h?, field efficiency of 82.2 per cent and minimum power
requirement of 3.03 kW was obtained at same combination. The total cost for
fabricating the digger was Rs. 11200 and cost of operation was Rs. 1934.0 per ha. The
harvester could save about Rs. 19190 per ha as compared to the manual harvesting of
onion Rs. 21125 per ha, the BEP for the onion digger was 23.6 h which was of 47.50
per cent of utility of machine. The payback period of the digger was 1.06 years.

Abdalla et al. (2018) studied the effect of performance parameters of potato
harvester such as forward speeds viz., 4.40, 5.60 and 6.70 km h*, depth of digging unit
viz., 16, 18 and 21 cm and the inclination of conveyer viz., 15 and 20 deg. on wheel
slip, effective field capacity (EFC) and consumption of fuel. As the depth of digger
increased from 16 to 18 cm, the uprooting of potatoes increased in the range of 93.42
t0 94.42 per cent and decreased from 94.42 to 87.72 per cent when the digging depth
decreased from 21 cm to 18 cm. The minimum per cent of scuffed, peeler, more
damaged tubers and total damage of 0.20, 0.00, 1.60 and 21.90 per cent respectively
were recorded at a forward speed of 6.70 km h, while the maximum percent of
scuffed, peeler and more damage tubers of 2.10, 0.30 and 2.70 per cent respectively

were recorded at a forward speed of 4.3 km h.

Babalola et al. (2018) developed low cost manually operated cassava harvester
using hydraulic ram and plunger system. The harvester consisted base frame, support
stand, lifting arm, lifting medium and the clamp. The hydraulic power source capable
of lifting 5 tonne of weight was adopted with a human effort of 50 N (5 kg). No
cassava root breakage was observed during harvesting and lifting efficiency of the
device as 100 per cent.

Kamran et al. (2018) fabricated and done performance evaluation of carrot
digger mechanically. They selected a field of 0.75 ha for machine evaluation.

Optimized the variables for carrot digger with 3.1 km h? as forward speed. The
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average field capacity and field efficiency of carrot digger were calculated as 0.19 ha
h™and 45 per cent respectively. The BEP of this machine was achieved after 170

hours of operation.

Kawale et al. (2018) developed and tested a tractor drawn ginger harvester
cum elevator at a varying forward speed. The harvester cum elevator was consisted of
a main frame, digging unit, gauge wheel, vibrating mechanism unit, power
transmission system and conveying unit. The draft and power requirement for
harvesting ginger was found out as 2625.82 N and 1.82 kW respectively. Fuel
consumption for particular operation was observed as 5.03 | h™. Theoretical field
capacity, actual field capacity and field efficiency of ginger harvester cum elevator
were 0.22 ha h, 0.18 ha h'* and 81.80 ha h*! respectively. The digging efficiency,
damage of rhizome, separation index and conveying efficiency were observed as
99.18 ha h%, 1.06 per cent, 85.38 per cent and 99.72 per cent respectively.

Naresh et al. (2018) developed a tractor drawn root crop digger for carrot crop.
The digger was consisted of digging blade, conveyer unit, de-topping unit, collection
unit, power transmission system and main frame. A sweep type digging blade was
used for uprooting the carrot crop and roller chains with triple pitch were used to hold
the carrots leaves uprooted by the digging unit. The digging efficiency was 100 per
cent, picking efficiency was 61.56 per cent and cutting efficiency of de-topping unit
was 100 per cent respectively. The actual field capacity and field efficiency of the
digger were 0.11 ha h™*and 61.70 per cent respectively. The saving in time and cost
were found out as 94.00 and 63.36 per cent respectively for digger over manual
method of harvesting.

Pramod et al. (2018) designed and constructed potato digger cum elevator
which was used for digging and elevating the soil and potatoes simultaneously. It
reduced 75 per cent labour and 50 per cent operating time consumed to conventional
method of digging with spades, kudali and khurpi. It also reduced 4 to 5 per cent in
harvesting losses. It was found highly economical, time saving, reducing labour
charges with minimum damages. The test results of the machine such as actual field

capacity, digging efficiency, damage of tubers and field efficiency were observed as
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0.30 - 040 hah™,94 - 96 and 76.5 per cent respectively. It was observed that at elevator
height of 40cm the implement was working more efficiently rather than at other

heights.

Wajire et al. (2018) developed a tractor operated digger cum elevator for
harvesting of turmeric and ginger. The harvester consisted of soil cutting blade, crop
soil separator unit, main frame and the hitching arrangement. Over all working of the
machine was satisfactory with the average field efficiency 82.73 and 81.70 per cent
for turmeric and ginger respectively. Also observed that digging efficiency was 98.18
and 98.20 per cent and the average damage percentage due to mechanical harvesting

was 3.51 and 2.83 per cent for turmeric and ginger, respectively.

Mohamed et al. (2019) fabricated a mini-tractor operated digger for coleus
tuber. The field experimental trials were conducted at different forward speeds viz.,
1.00, 1.50 and 2.00 km h* and depths of 10 and 15 cm. The per cent damage of coleus
was negligible and the efficiency of digger was found out as 89.0 per cent and the
harvesting capacity of the coleus digger was 0.0365 ha h. Cost of saving in coleus

digger was 40.0 per cent in comparison with manual harvesting of coleus.

Narender et al. (2019) optimised the performance parameters of root crop
digger for potato crop. The digger was tested at three different levels of forward
speeds, viz., 2.30, 2.80 and 3.30 km h™and three levels of rake angles viz., 17, 20, and
23 deg. the experiment was conducted on the optimised parameters of exposed,
undug, cut, bruised percentage and the digging efficiency. The best performance of
the digger was obtained at forward speed 2.3 km h* and the rake angle 23 deg. for
potato crop at which the exposed, undug, cu, bruised percentage and the digging
efficiency was found out as 90.62, 2.10, 1.71, 2.48, and 97.90 per cent respectively.

Shailaja et al. (2019) developed a tractor drawn turmeric digger cum separator.
The turmeric digger cum separator was consisted of a main frame of the digger,
digging blade, gauge wheel, power transmission system and conveyer unit. At the
time of field evaluation of turmeric digger cum separator, draft force, efficiency of
digging, damage of rhizome and fuel consumption of tractor, separation index, field

capacity and power requirement were determined. The machine was evaluated at three



27

different shapes of digging unit and at three different levels of forward speeds i.e. 1.5,
3.0 and 4.5 km h. The draft and power requirement for harvesting turmeric was
found as 2199.0 N and 0.91 kW respectively. Fuel consumption and field capacity was
observed as 6.12 | h't and 0.47 ha h'respectively and the digging efficiency, damage
of rhizome and separation index of turmeric were recorded as 97.35 per cent, 3.34 per

cent and 0.24 per cent.

Xie et al. (2019) conducted experimental trials the swing separating sieve on a
potato digger. They conducted experimental trials for achieving the proper potato-soil
mixture distribution and the parameters of the swing separating sieve, potato digger.
In each part, the experimental factors were rotational speed of crank, inclination of
sieve and forward speed. It was observed that the coverage of the potato-soil mixture
on the separating sieve reduced gradually with the increased in rotational speed of
crank and sieve inclination. Inversely, as the forward speed was raised, the coverage
of the potato-soil mixture gradually increased. The potato harvesting efficiency was

99.49 per cent and the damage of potato was 0.87 per cent.
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CHAPTER 11
MATERIALS AND METHODS

This chapter deals with the methods adopted in design, development and
testing of root crop harvester and the experimental methodology is used to evaluate
the machine as influenced by the soil, crop, machine and operational parameters.
Parameters of the harvesting mechanism viz., blade geometry, including soil
interaction and conveying characteristics of the produce harvested are discussed.
Further, the levels of the variables selected for the investigation and the
optimization procedure for achieving maximum efficiency of harvesting of

tubers/rhizomes such as coleus, ginger and turmeric are also explained.

The development work was carried out at the research workshop of the
Department of FMPE, KCAET, Tavanur and field trials were conducted in
KCAET, Tavanur, RARS Pattambi, State Seed Complex, Munderi and different
farmers’ fields at Thrissur and Palakkad districts. The cost economics of the

prototype unit has been worked out and discussed.

The important soil, crop and machine parameters influencing the design and
development of harvester of selected root crops viz., coleus, ginger and turmeric are
discussed below. The soil parameters were only considered at the time of harvest

while crop and machine parameters were considered throughout the operation.
3.1 SOIL PARAMETERS

The soil parameters such as type, moisture content, bulk density, cone index
and shear strength influencing design, development and performance of tractor
drawn root crop harvester for harvesting of coleus, ginger and turmeric were
identified and measured. The methods of measurement of these properties are
explained briefly.

3.1.1Type of soil

The crops such as coleus, ginger and turmeric are mainly cultivated in

Malappuram, Thrissur and Palakkad districts. Soil samples were selected from
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these areas. The five soil samples at five different locations of the experimental
plots were collected randomly and the sieve analysis of the soil was conducted. The

type of soil was then confirmed from USDA chart.
3.1.2 Moisture content

Moisture content 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 = WimW2 900 - (3.1)
W1
Where,
MC = Soil moisture content, % (d.b)
W: = Initial weight of soil sample, g
W> = Final weight of dry soil sample, g

It is expressed in percentage and is found out by oven dry method. Soil
samples of different locations were collected from the fields at depths of 0-5, 5 -10,
10-15 and 15-20 cm. The soil samples of 50 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
were found out using an electronic weighing balance having a sensitivity of 0.01 g.
Moisture content of soil affects the draft of implement and slip. Soil having more
moisture content gives more slip and hence increases the draft. Soil moisture plays
an important role for the growth of coleus, ginger and turmeric and optimum soil

moisture is needed at the time of harvest to minimize field losses and energy input.
3.1.3 Bulk density
The compactness of the soil is determined by the bulk density. The bulk

density was found out by using the equation,
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Where,
p = Bulkdensity of soil, g cm
M = Mass of the oven dried soil, g
V = Volume of core sampler, cm®

Initially volume of a cylinder was determined by measuring the internal
diameter (10 cm) and height of core cutter (12.5 cm) and empty core cutter was
weighed. A small area of (30x30 cm?) of the soil to be tested in the experimental
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 15 mm above the
surface. Surrounding soil of core cutter was removed and it was taken out. Top and
bottom surface of the core cutter was carefully trimmed using a straight edge. Core
cutter filled with soil was removed and weighed. Bulk density of soil was measured

by using equation (3.2)
3.1.4 Cone index

Soil cone penetrometer was used to measure the penetration resistance of the
soil. The cone penetrometer was positioned in the field and slightly pressed on the
handle. Cone index provides an indication of soil resistance and it is expressed as
force per square centimetre required for a cone of standard base area to penetrate
into soil to different depths. Cone index for the same soil varies with the cone apex
angle, area of cone base and depth of penetration. A uniform force was placed on
the handle and deflection of dial gauge was noted for 5 cm in depth. The solid stem
penetrated into the soil and force was measured from the deflection of the needle of
proving ring corresponding to the insertion of 30 deg. cone. The cone index was
measured for 5, 10, 15 and 20 cm depth and recorded manually. The same
procedure was repeated to measure cone index at various location of the study area
(Venkatareddy, 2018).
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3.1.5 Shear strength

Shear strength of a soil is the maximum resistance offered by the soil to
shearing stresses (Venkatareddy, 2018).The Shear strength was found out by using
the equation,

S= ﬁ .33
2 6

Where,

S = Shear strength, kgf cm

T = Torque, kgf cm

D = Overall diameter of vane, cm

H = Height of the vane, cm

IfH = 2D the equation reduces to
S= i3 .. 34

11D

The in-situ measurement of shear strength of soil was carried out using a
vane shear test apparatus (Make — AIMIL (CIVIL)). 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 50 mm below the bottom of the bore hole and allowed
to move further for 5 minutes after the insertion of the vane. The initial dial gauge
reading was set to zero and gear handle was turned so that the vane was rotated at
the rate of 0.1 deg. 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 30 s interval and the rotation of vane was

continued until the reading drops appreciable from the maximum.
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3.2 CROP PARAMETERS

The major crop parameters of coleus, ginger and turmeric namely biometric,
physical and frictional properties are important for the design and development of
digging and soil separator units of the harvester. The variety of the crops also affect
the design of the harvester as the growth factor and foliage varies according to the
variety. The commonly grown variety of coleus are Nidhi and Sreedhara and IISR-
Rejatha and 1ISR-Mahima for ginger and Alleppey for turmeric respectively, were

used for evaluating the performance of root crop harvester.

The biometric parameters of coleus, ginger and turmeric are important for the
design of digging blades of root crop harvester. These properties were measured at
the time of harvest using standard test procedure. The position of tuber/rhizome
with respect to ground surface and the quantity of material to be handled were
assessed. Before operating in the field the following related properties were also

observed and recorded.
3.2.1 Number of leaves

The crop canopy is indicated by number of leaves spread on cultivated beds.
Twenty five beds of 10 m length were randomly selected and number of leaves

were counted.
3.2.2 Height

The height of the plant was the deciding factor for design of the throat and
total length of soil separator unit for proper soil separation. Twenty five plants
were selected randomly and its heights were measured with a scale and the mean
value was determined. The height of plant decides the handling of crop at the time

of harvesting by the machine.
3.2.3 Depth of tuber/rhizome

The depth of tubers/rhizomes in soil was estimated to find the volume of soil
to be handled by digging and soil separator units of the harvester. Randomly

selected twenty five plants each from coleus, ginger and turmeric in the study area
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were measured by using a scale and a flat plate. Vertical soil section was first cut
along the plant to expose the tuber/rhizome of a standing plant. A flat plate was
kept on the ground and a scale was placed vertically to the soil up to the bottom of
root crop plant.

3.2.4 Plant density

The density of plant is an important parameter in determining the volume of
crop handled by the digging and soil separator units of the harvester. Plant density

of crop in one square meter area was recorded.
3.2.5 Spacing

The coleus, ginger and turmeric were planted in raised bed system with a bed
width of 900 mm and covering two to three rows as shown in Fig.3.1 and 3.2
(KAU, 2016). The height of raised bed was 300 to 450 mm. The spacing between
the rows 200 to 300 mm and plants as 150 to 200 mm were kept to facilitate easy
uprooting of the tubers/rhizomes. The plant spacing and size of beds are shown in
Fig 3.1. and 3.2 and Plate. 3.1 and 3.2 respectively.
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Fig. 3.1. Raised beds for coleus
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All dimensions are in mm

Fig. 3.2. Raised beds for ginger and turmeric
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Plate 3.1 Width of the raised bed

Plate 3.2 Height of bed
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3.2.6 Soil tuber/rhizome composite

The spread of tuber/rhizome in soil lateral and vertical directions varied w.r.t
the varieties (Plate 3.3). Tuber/rhizome spread affect the design of digging unit.
The spread of twenty five clumps were selected at random and measured using a
scale by digging the soil adjacent to the plant on the raised bed. Mass per unit
volume of soil tuber/rhizome composite was recorded as soil-rhizome mass. It is
expressed in kg m3. The weight of tuber/rhizome alone varies from 250 to 800 g
for different varieties of coleus, ginger and turmeric crops. Soil is adhered all
around the tuber/rhizome when it was dug out, and hence the complete weight was
measured. The weight tuber/rhizome without soil was separately taken and the
difference in weight was recorded as weight of the soil. The overall weight of the
soil tuber/ rhizome composite determines the material handling capacity of the

machine.

Each hill contains one or more mother rhizomes which produce 4 to 10
primary fingers. Later stages the secondary fingers were usually come out with 8 to
20 shoots. The total number of fingers per hill influences the volume of crop to be
handled. A minimum number of fingers were observed as twenty five randomly at

the time of harvest.
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3.3 PHYSICAL PROPERTIES OF TUBER/RHIZOME

The physical properties of coleus, ginger and turmeric viz., size, sphericity,
bulk volume, bulk density, tuber/rhizome index and surface area were determined

by using standard procedures.
3.3.1 Size

The size of fresh tuber/rhizome was determined by measuring the dimensions
along the three principal axes namely, major (length), intermediate (width) and
minor (thickness) using Vernier calipers least count of 0.01 cm) and thickness were
measured using digital calipers. The size was recorded for ten rhizomes/tubers and
an average size was computed (Jayashree and Visvanathan, 2011). The geometric
mean of the coleus, ginger and turmeric were determined by measuring the major,
minor and intermediate axes of the tuber/rhizome. The geometric mean was

calculated using the equation described by Mohsenin (1986).

1
Geometric mean = (xyz)3 ... (3.5)
Where,

x
1

Major diameter of tubers/rhizomes, mm

Intermediate diameter of tubers/rhizomes, mm

<
1

Minor diameter of tubers/rhizomes, mm

3.3.2 Sphericity

The sphericity is defined as the ratio of the diameter of the largest
circumscribing sphere (mm) to the diameter of the smallest circumscribing sphere
(mm). Diameters of the tuber at the larger and smaller circumscribing sphere were
recorded and sphericity was calculated (Ajav and Ogunlade, 2014).

s ¥z

X

... (3.6)

Where,
S = Sphericity
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3.3.3 Bulk volume

The bulk volume of the tubers/rhizomes was determined by using
Archimedes’s principle as described by Nelkon (2005). The sample was weighed
and immersed in a measuring cylinder containing a known volume of water thus
leading to an increase (rise) in the water volume. The difference between the new
level of water in the measuring cylinder and the initial level of water was recorded

as the bulk volume of the tuber/rhizome.
3.3.4 Bulk density

The bulk density of the coleus, ginger and turmeric was determined as the
ratio of bulk weight of tuber/rhizome to the bulk volume of tuber/rhizome (Ajav
and Ogunlade, 2014). A container of known volume of inner dimensions 550 x 280
x 350 mm was taken and weighed in a physical balance. Then it was completely
filled with freshly harvested tuber/rhizomes and was weighed again. The bulk

density was calculated by using the formula,

_ Wic—We

B
R Ve
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Where,
Br = Bulk density of tuber/rhizome, kg m™
Wi = Weight of container filled with tuber/rhizome, kg
W: = Weight of empty container, kg
V. = Volume of container, m®
The bulk density was measured for ten samples and the mean value was

calculated.
3.3.5 Rhizome index (1)

Rhizome index is the percentage ratio of rhizome’s greater length to the
product of greater width and greatest thickness of rhizome (Annamalai and
Udayakumar, 2007).

L
| =—x100
S .. (3.8)
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Where,

I = Rhizome index

L = Greatest length of tuber/rhizome, mm
W = Greatest width of tuber/rhizome, mm

T = Greatest thickness of tuber/rhizome, mm

The rhizome index was measured for ten samples and the mean value was

calculated.
3.3.6 Surface area

The surface area was estimated using the relationship given by Asairo and
Anthony (2011). The surface area was measured for ten samples and the mean

value was calculated.

S=n1Gm? .. (3.9)
Where,
S = Surface area, mm?
Gm = Geometric mean diameter, mm

3.3.7 Moisture content

Moisture content of tuber/rhizome is an important parameter which has direct
impact on harvesting and quality of the tuber/rhizome. The moisture content of
tuber/rhizome was measured by gravimetric method. 50 g of sample were weighed
and put in the empty weighed moisture box, the weight of sample with box were
recorded. The moisture box is kept in hot air oven at 105°C = 2 °C for 24 hours.
After 24 hours the weight of the moisture box with sample is measured. The

moisture content of tuber/rhizome can be measured by using the following formula.

_M2-M3

M
w M2—-M1

=100 ...(3.10)

Where,
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Mw = Moisture content, % (w.b)

M: = weight of moisture box, g

M2 = weight of moisture box + tuber/rhizome before drying, g
Mz = weight of moisture box + tuber/rhizome after drying, g

3.4 FRICTIONAL PROPERTIES OF TUBER/RHIZOME

The frictional properties of coleus, ginger and turmeric rhizome viz.,
coefficient of friction, angle of repose and texture were determined by the
following standard procedures.

3.4.1 Coefficient of friction

The static coefficient of friction was determined with respect to each of the
following three structural materials on the tilting table: stainless steel, plywood and
glass. The tubers/rhizomes of coleus, ginger and turmeric were placed parallel to
the direction of motion and the table was raised gently by a screw device. The
angle at which the rhizomes/tubers begin to slide (the angle of inclination) was
observed on a graduated scale fitted on the tilting table. This was repeated three
times for each material. The coefficient of friction was calculated as the tangent of

this using the equation given by (Olaoye, 2000)

| =tan 6 ... (3.11)
Where,
p = Static Coefficient of friction, decimal
0 = Angle of Inclination, deg.

3.4.2 Angle of repose

The angle of repose is an angle made by rhizomes/tubers with the horizontal
surface when heaped from a known height (Olaoye, 2000). A bag containing 25 kg
of coleus, ginger and turmeric tubers/rhizomes was heaped over a horizontal
surface. The slant height of the heap was determined and radius of the heap was
calculated from the circumference of the heap. The angle of repose was calculated

by using the formula:
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_1,h
6 =tan l(T) ... (3.12)
Where,
6 = Angle of repose, deg.
h = Height of the heap of tubers/rhizomes, cm
I Bottom diameter of heap formed from the tubers/rhizomes, cm
3.4.3 Texture

Important quality parameters which affect the consumer acceptability of
coleus, ginger and turmeric is firmness. This parameter was determined using
Texture Analyzer. The instrument Shimadzu (EZ) texture analyser has Trapezium
texture analyzer software installed to a personal computer. The instrument consists
of the test-bed and the adjustable controller. It is a system with a maximum
stroke of 500 mm and a capacity of 500 N. It has a test speed range from 0.001
to 1000 mm m? (at all loads) and the maximum return speed is 1500 mm/min.
This system is ideal and effective for testing of texture profile analysis. It can
be fixed with a variety of jigs and fixtures. The sample was kept on the test bed
of the instrument and was subjected to compression by tooth pushed jig with depth
of 50 mm. From interactive data processing screen of the texture analysis software,
the force deformation curve was used for the measurement the firmness or hardness

(peak force).
3.5 MACHINE PARAMETERS

The relevant machine parameters, viz., blade geometry, rake angle, diameter
of crank, spring tension and speed of the crank are the important parameters

affecting the performance of the root crop harvester.
3.5.1 Blade geometry

The geometry of the digging blade includes its size and shape. The
efficiency of the root crop harvester mainly depends on the geometry of blade.

Hence, it is essential to select and optimize the blade geometry in order to obtain
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maximum efficiency of root crop harvester. The blade geometry was decided based

on the previous research works as shown in Table 3.1.

Table 3.1Research works on root crop harvesters with different digging blades

Sl Digging blade Power Harvesting Crop Authors
No. Shape Size, source efficiency,
mm Per cent
1. Crescent 457  Bullock 80.00 Groundnut Narayana Rao, 1974
2. V-shaped 200  Tractor 98.80 Sugar beet  Srivastava and
Yadhav, 1978
3. V-shaped 900  Tractor 97.00 Cassava Odigboh and
Ahmed, 1982
4. Trapezoidal 250  Power - Potato Misener, 1982
tiller
5. Share type 600 Bullock 86.24 Groundnut Awadhawal et al.,
1995
6. V-shaped 700  Power 93.20 Onion Jadhav et al., 1995
tiller
7. Straight 825  Tractor 95.00 Turmeric ~ Murugesan and
Tajuddin,1995
8. Straight 1800 Tractor 99.89 Groundnut Duraisamy, 1997
9. V-shaped 900  Tractor 96.00 Onion Sandeep and
Sudhama, 1998
10.  Straight 600  Tractor 94.00 Turmeric  Anon., 2002.
11.  V-shaped 500  Tractor 93.00 Potato and Ibrahim et al., 2008
peanut
12. V- shaped 440  Bullock 94.00 Turmeric ~ Munde et al., 2009
drawn
13. V- shaped 1000 Tractor 93.64 Sweet Akhir et al., 2014
potato
14.  Angular 600  Mini-tiller 87.00 Coleus Younus and Jayan,
tynes 2016
15.  Sweep type 450  Bullock 83.00 Turmeric  Zate etal., 2018
drawn &85.00 and ginger
16. Inverted V- 1000 Tractor 81.80 Ginger
type
17.  V-shaped 600  Mini- 89.00 Coleus Md Favazil et al.,
tractor 2019

Based on the above review, the three types of blade geometry viz., V-type,

crescent and straight edge type blade were selected. Its width, length and thickness

were decided as 900 mm, 200 mm and 90 mm according to the bed width, depth of

tuber/rhizome and weight of the soil-tuber/rhizome composite.
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3.5.2 Rake angle of the blade

The rake angle of the blade (0) is defined as the angle between the digging
direction and a line normal to the blade edge. The rake angle of blade affects the
energy consumption for digging operation. The optimum values of rake angle
between 10 to 30 deg. as recommended by Pratap and Pandey, (1981) for minimum
energy requirement with shallow downward spread of the tubers in lighter soils. A
smaller angle of 10 deg. may not penetrate adequately in medium soils to dig out
the tuber/rhizome and greater angle of 30deg. may require more traction power for
tuber/rhizome crops. Hence, the present investigation was conducted at three levels
of rake angles of 15, 20 and 25 deg.

3.5.3 Diameter of crank

The diameter of the crank (D) of the soil separator unit effects on the
performance of the machine in terms of conveying efficiency and soil separation
index. The three levels of diameter of crank were selected as 40, 60 and 80 mm for

experimental trials with the soil separator unit.
3.5.4 Speed of crank

The speed of the crank is another deciding factor to operate the soil
separator unit for conveying and separating the soil-tuber/rhizome composite. The
three different levels of crank speed were selected as 200, 220 and 240 rpm and
analysed using the MSC ADAMS software for velocity and acceleration of the soil

separator unit of the harvester.
3.5.5 Spring tension

A spring is defined as an elastic body, whose function is to distort when
loaded and to recover its original shape when the load is removed. Tension helical
springs exert a force by pulling or stretching them. The load applied is parallel to
the axis of spring. Tension helical springs are designed to take tensile loads and
they get elongated under the external loads. In helical sprigs, the wire is subjected

to torsional shear stress. Three different levels of spring tensions were selected as
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800, 1200 and 1600 N m™ for the analysis using ADAMS for finding lifting

capacity of the finger assembly of soil separator unit.
3.6 DESIGN OF ROOT CROP HARVESTER

Based on soil, crop and machine parameters, mechanical harvesting unit of
root crop utilizing P.T.O power of the tractor was developed. The mechanical
harvesting of tubers/rhizomes is an operation in which the whole tuber/rhizome has
to be dug out from soil with minimum detaching or damaging the tuber/rhizomes
from the clump. This was done by loosening the soil with a blade and then the
harvested tuber/rhizome along with soil has to be lifted up. Then it is elevated
through the soil separator and dropped into the rear of the machine. The main
purpose was to design harvester which would require minimum power, low
damage to plant material and maximum soil separation at economic cost of

operation.
3.6.1 Functional requirements of root crop harvester

Different components of root harvester were designed from the stand point of
its functional requirement. The following functional requirements were considered

for the design of harvester:

i.  The power unit of the machine able to pull the harvester at the required
speed under full load.

ii.  The harvester should dig root crop planted on raised bed of total width 900
mm, covering two to three rows simultaneously in a single operation.

iii.  The digging blade should be able to penetrate to the required depth of
around 200 mm to dig out the whole tuber/rhizome clump.

iv.  The dug out tuber/rhizome should pass through the soil separator unit. The
soil separator should transmit the tuber/rhizomes and allow the loose soil to
fall down through the rods of the soil separator unit.

v.  The soil separator unit of harvester should place tuber/rhizome open on the
soil surface at the rear of the harvester, which could be picked up manually

with minimum efforts and in minimum time.
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vi. Damage to tuber/rhizome during harvesting operation i.e. cut, crush and
bruise should be as low as possible.
vii. It should be operated by a tractor of 35 to 60 hp range, being the common

size of tractor available on Indian farm.
3.6.2 Selection of prime mover

To select the suitable prime mover, the total power required for operation of
the harvester should be known. The total power required is the sum of power
required for digging the tuber/rhizome and dropping it back on soil separator unit
and power required for pulling the machine. The prime mover was also selected in
such a way that the maximum number of farmers be benefited by using the root
crop harvester. It is evident that the increase of tractor population is healthier than
the power tiller growth and also the ideal power required for the root crop
harvesting machine is higher than the power range of walking type tractors. Hence,
it was decided to design the proposed machine for tractor, which could be useful to

the farming community.
3.6.2.1 Power required for digging soil and clump

The total width of raised bed is 900 mm and it covers two to three rows of
planting tuber/rhizomes with a spacing between the crop is 300 x 300 x 300 mm.
Hence, the width of cut for a single blade for two to three rows over a total width of

900 mm was selected. The maximum depth of operation required is 200 mm

Area of cross section of soil dugout by blade = depth x width .. (3.13)
=0.20x0.9=0.18 m?

The maximum unit draft of the soil = 0.103 x 10 N m (Smith, 1968)

Since the harvester was operated in the soil which is relatively loose compared to

un ploughed land, the unit draft is taken as 85 per cent of the assumed value.
Therefore, unit draft =0.103 x 10°x 0.85 = 87550 N m

Soil resistance for cutting = unit draft x cross section area of soil cut .. (3.14)
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=87550 x 0.18= 15759 N

Maximum forward speed of tractor = 0.833 ms™ (3.0 kmh) (Khurana et al.,
2012)

Power required = Draft x speed ... (3.15)
= 15759 x 0.833 = 13127 W= 13.13 kW
3.6.2.2 Determination of power for pulling harvester
Total weight of the harvester with hitch point = 2940 N
Force required to pull the unit, F =MuR
Where,
M = Coefficient of friction
R = Weight of the unit, N
Coefficient of friction was taken as 0.8 (Kepner et al., 2005)
Power required for pulling the machine = force x speed
= 2352x0.833=1959.216 W =1.20 kW
3.6.2.3 Power required for soil separator unit
Volume of soil cut = Length of cut x speed x depth of operation
=0.9x0.833x0.2=0.149 m®
Mass of soil = Volume of soil cut x Bulk density of soil
= 0.149 x 1450 = 216 kg
=216 x9.81 =2119.45N
PTO Power =2119.45 x 1.25 = 2649.31 W = 2.65 kKW

Slip factor = 0.25
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Therefore, power required from PTO =2.65 X 1.25 = 3.31 kW

Total power requirement of the unit = Power required for digging soil and
clump(a) + Power required for pulling unit(b) + Power required for soil

separator unit (c) ... (3.16)
=13.13+1.20+3.31 =17.64 KW
Out of which a and b are from tractor drawbar and c is from P.T.O

The total power required for the root crop harvester was 17.64 kW, but the
commercially available was above 28 kW. Therefore, the power required to
operate the machine will be adequately provided from the drawbar and PTO of a 28
kW tractor.

3.6.2.4 Determination of draft on digging unit

From the designer point of view, the working depth of digging unit is an
important parameter as it directly affects the power requirement of a root crop
harvester. The working depth of digging blade is mainly dependent on the depth of
tuber/rhizome in the soil. The study of crop properties of rhizomes/tubers showed
that the depth of tuber/rhizome ranged between 120-200 mm with reference value
of 200 mm. Considering the probable variation in depth of tuber/rhizome on
different varieties of soil and to harvest them without damage, optimum depth of

operation was selected as 200 mm.

The draft of the blade was calculated using the general soil mechanics
equation for a blade deforming the soil in two dimensions (Hettiarachi et al.,1966)
given by equation 3.17. It takes into account different soil properties and tool

geometry parameters as following:
Pp =y Z1®2Ny+ CZ1Nc + CaZiNca + qZ1Nq (3.17)
Where,

Pp = Passive resistance of soil acting at an angle of soil-metal friction with

the normal to interface, kg per meter width,
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v = Bulk density of soil, kg m™
Z1 = Depth of operation, m,
C = Cohesion of soil, kg m?,
Ca = Soil-interaction adhesion, kg m, and
g = Surcharge pressure on soil from surface above the failure plane, kg m.

Ny, Nc, Nq and Nca are dimensionless N- factors, which describe the shape
of soil failure surface and this is a function of angle of shearing resistance of soil

(D), angle of soil metal friction (8) and geometry of loaded interface i.e. rake angle

(o).

For determination of draft, the following assumptions were made (Shirwal, 2010):

i.  Soil is homogenous and isotropic,

ii.  Average bulk density of soil is 1750 kg.m,

iii.  Soil is in friable range of moisture content with cohesion (C) of 710 kg m?,
angle of internal friction (@) of 25° and angle of soil metal friction (8) of
20° for bulk density of 1750 kg m,

iv.  Adhesion of soil is zero i.e. Ca = 0, assuming soil-metal friction to be zero
as soil scouring over the blade,

v.  The surcharge in front of the soil above soil failure zone is negligible, i.e. q
=0,

vi.  Usual variations in rake angle of the digging blade range between 15 to 25
deg.in the experiments. A rake angle of 20 deg. was considered for
determination of expected draft, as 20 deg. was the mean value of rake

angle selected for experimentation.
Based on the above assumptions, the Equation 3.16 could be reduced as follows
Pp=7v Z1Ny+ CZ1Nc ... (3.18)

The relationship between the N-factor and the rake angle at different angle of

internal friction for a perfectly smooth (6=0) and perfectly rough (& = ®) interface
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was taken from graph (Hettiarachi et al., 1966). The values of N-factor for
intermediate degree of roughness of the interface could be interpolated using the

following equation:

S
N8=Na—o[:::::f;](p .. (3.19)
Where,
N = Required value of the appropriate N-factors (N 5 or Nc)
N s and = Corresponding value of the N-factor at 6 = 0 and & = @,
Ns-o respectively, obtained from the appropriate chart.

Following values for the different parameters in the Equation 3.16 were used

for determination of passive resistance of the blade:
y=1750 kg.m3, C =910 kg m?, & =25.58°, 5§ =25.31°, a=15°,Z1=0.2m
Using the relationship, the value of N-factors were calculated as follows:
Ny =1.83, Nc = 1.68

Substituting the values of Ny and Nc, in the Equation 3.19 the passive

resistance (Pp) per unit width of the blade was obtained as:
Pp= 1750 x (0.2)?> x 1.83 + 910 x 0.2 x 1.68 = 344.70 kg m™*
Therefore, P, for an effective width of cut of 0.90 m of blade is 344.70 kg m™*

The passive resistance Pp was acting at an angle of friction (8) with normal to

the interface, hence the component parallel to the blade face (Pp1) is given by:
Pp1 = 344.70x Cos 70° = 117.89 kg m™*

The component perpendicular to the blade face (Pp2) is given by
Ppo= 344.70 x Cos 20° =323.91 kg m*!

The obtained value of Pp1 and Pp2 were used to determine the bending moment of
the digger blade.
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The draft of the blade was calculated 344.70 kg using the general soil mechanics
equation for a blade deforming the soil in two dimensions (Hettiarachi et al., 1966)
given by equation 3.17. Usual variations in rake angle of the digging unit ranged
between 15 to 25 deg. A rake angle of 20 deg. was considered for determination of

expected draft.
3.6.3 Design of digging unit

Digger blade would execute initial digging of tuber/rhizome plants. The
width of digger blade is an important factor, as it would cover all plant rows in a
bed without damaging standing crop. Therefore, it was decided on the basis of the
width of the bed that the root crop was grown in two to three rows. The thickness
of the blade was designed on the basis of load acting on it. This could be

theoretically determined by analysing various different forces acting on the blade.

Pp2 is perpendicular component of Pp1 and would cause bending moment
whereas Pp1 is the horizontal component that would induce direct stress on the
blade. The force would act at the centre of resistance of the blade. It was assumed
that average soil resistance of the blade acts at a distance of 0.2 z1, measured from

the cutting edge (Bernacki, 1972) as shown in Fig 3.3.

The centre of resistance was at a distance of 50 mm from the cutting edge on
central axis of the width of blade. The blade was supported on nuts and bolts at a
distance of 200 mm from each side of the cutting edge. Therefore, the distance

between the centre of resistance and point of support could be determined by:
250 — 50 =200 mm
Therefore, the bending moment (B.M.) due to Py is:
B.M. =323.91 x 200 = 64782 kg mm

Bending stress (ob) IS represented by :

gbt
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Where,
B.M = Bending moment, kg mm
b =  Width of blade at its point of mounting, mm,
t =  Thickness of the blade, mm.

Bending stress is calculated by:

64782 388692

Ob — 1 = (321)
~200¢2 200t2

6

And, direct stress (oq) due to Ppr was calculated as:

Py _117.89

o= = 00t ... (3.22)
Hence, Total stress=06=o0p+ o4
388692 117.89

= + ... (3.23)

o=—————+—
200t 200t

By taking factor of safety as 1.2 and equating the total stress (o) with safe
stress 600 kgmm2 of mild steel, the thickness of blade (t) is determined as:

388692 117.89
e e N V4
o= ¢ oot " ... (3.24)
t=10 mm
Hence, thickness of blade was kept 10 mm and the total width of blade was

kept 900 mm, as per requirement for digging.

Fig. 3.3. Soil working tool
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3.6.3.1 Design of power transmission system

The soil separator unit was provided motion to remove/separate the
tubers/rhizomes through proper power transmission system. The power
transmission system has been made at three stages, first from P.T.O to machine
gear box, where the power is transmitted through propeller shaft, in second stage,
from which power is transmitted to cranks through the side shafts of the gear and
third stage the power is transmitted from cranks to soil separator unit by the

connecting rods and rockers.
3.6.3.2 Design of crank

In this mechanism, the rotary motion of crank is converted into reciprocating
motion of the soil separator unit. The crank radius was decided by the following
formula (Ballaney, 1990).

X =1 [(1- cosb) + n-(n? - sinf)'?] ....(3.25)
Where,
X = Amplitude of oscillation of unit, 16 cm
r = Crank radius, cm
0 = Angular displacement of crank
n = I

| = connecting rod, 43 cm
For maximum displacement of the unit, 6 = 180° hence cos 6 =-1 and sin 6 =0

x=r-(0)+ 2 ( &y -0

x=rf2+ 2 (Ey)1=m2+ 2%
r r r r

16 =r[2]

r=8cm
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For the displacement of 160 mm of the unit, the radius of crank was decided as 80

mm.

The motion for soil separator unit was provided by the power transmission
unit, in which shaft, crank, connecting rod and rockers are the main parts. The
diameter and length of side shafts of the machine gear box was 45 mm and 300 mm
respectively having 10 splines on it. The power from the shaft was supplied to a
crank having diameter 120 mm. The number of revolutions of crank was dependent
up on the PTO speed of the tractor. This rotary motion was converted in to
reciprocatory motion with the help of connecting rod. The connecting rod was
made of M.S. rod of 430 mm length and 40 mm diameter. One end of connecting
rod was attached to crank with help of ball bearing having diameter 45 mm and the
other end was attached to the rocker, made of M.S flat. The number of revolutions
made by the shaft is equal to number of reciprocating motions of soil separator
unit. The length of oscillation of the unit was dependent on the diameter of the
crank. The displacement of unit was zero when it was set at (0°) of the crank, and
displacement of 80 mm and 160 mm respectively was observed when it was set at
180 and 360 deg.

3.6.3.3 Design of spring tension

The spring tension is calculated using the equation (Ballaney, 1990).

m
T= 275\/; ...(3.26)

Where,
T = oscillating frequency, s*
= mass of soil-crop, kg
k = spring constant,
2
k=24110 148044

22
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Four springs were selected for operating lifting mechanism of unit with

spring tension of 400 N per spring.

3.6.3.4 Design of spring

For design of spring, the outside diameter, length of spring and deflection
were taken as 25 mm, 150 mm and 15 mm respectively. Applied load was 2000 N
and four springs (500 N each) were selected for the lifting of finger assembly in
soil separator unit. Spring was made of SS 302 and designed spring as shown in the
Fig.3.4. Modulus of rigidity and density of SS Wire 302 was found out as 73000 Pa
and 7800 kg m respectively, from design data. Spring Index is the ratio of the
mean diameter of the coil to the diameter of the wire. Mean diameter and inside

diameter of spring were assumed as 25 and 21 mm.

Total number of active coils = 16

Spring Index:%

=5.67 and selected as 8

According to Wahl, Maximum shear stress is given by,

Shear stress factor,

K=1+i=1+ 1 =1.269
2C 2x5.67
Maximum shear stress,
8WD 8x500x30
T.. =K =1.062x ————
fmex nd® 213
= 452.28 MPa

Spring Stiffness/Spring Constant: Force required to produce unit deflection in the
spring.

Deflection of helical spring

_8FD®N _ 8x500x25°x16

5 4 4
Gd 73000 21
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Total spring deflection = 27mm
Spring deflection = 151

Initial tension = 91.70 MPa
Allowable torsional stress = 483.33 MPa
Full load stress = 452.28 MPa

Fig.3.4. Spring for finger assembly

3.6.4 Design of soil separator unit

The design of the soil separator unit was based on its functional
requirements. The width of soil separator unit was selected as 1000 mm based on
the tread width of the tractor. The soil separator unit consisted of a frame having
1000 x 500 mm as length and width. The soil separator unit consisted of fingers
made of MS rods of @10 and 500 mm length. A set of rods at the rear of the blade
lifts the harvested tuber/rhizome to drop it backward. The numbers of rods used
were 10, which were spaced at 50 mm.

Crank rocker mechanism is used in the soil separator unit. Thus, of the 4
links, link 1(Crank) receives the rotary drive from the side shaft of the gear box. As
the link 1 rotates, the link 2 (Connecting rod) moves up and down motion. This
movement in turn causes oscillating motion to the link 3 (Rocker). As the link 3 is
connected to link 4 (Rocker extension of unit),the crank rocker assembly generates
a reciprocating motion to the linkage 4. Hence a crank rocker mechanism is

developed and drives the soil separator unit. Four springs were attached to the
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frame and finger assembly of soil separator unit to provide up and down motion of

lifting rods.

In general, the crank-rocker mechanism is used to transform rotational
motion into oscillating motion of the rocker and also to transmit the desired torque
from a given input torque. The mechanism has advantages of generating complex
motion from a simple input rotational motion by using four bar linkages. The
performance of a crank rocker mechanism can be defined as the effective
transmission of motion and force from the crank input-link to the rocker output-
link (Ballaney, 1990).

The offset crank drives connected to the output shafts of the gear box
together with the connecting rods produced the oscillatory motion. The rotary
motion of the gear shaft was converted to the oscillatory motion of the connecting
rods. The connecting rods transferred this motion to the finger rods assembly of the

soil separator unit.
3.6.4.1 Kinematics analysis of the mechanism

It is the study of the geometry of the motion. Kinematic analysis involves
determination of position, displacement, rotation speed, velocity and acceleration
of a mechanism. Computer software MSC ADAMS (Automatic Dynamic Analysis
of Mechanical Systems) is one of the most widely used multi-function computing
software. The program allows to create dynamic, kinematic and static analysis of
the proposed mechanical systems and helps to optimize and improve its designs. It
helps in simulations of mechanical systems consisting of rigid and flexible bodies
connected by different types of kinematic links and joints (Darina et al. 2014). The
computing software ADAMS was used for modelling, analysing and optimize the
mechanical, i.e. multi-body systems. The isometric and orthographic views of
crank rocker mechanisms shown in Fig.3.5 and 3.6. The analysis of 4 bar link
mechanism (Crank rocker mechanism) was done using ADAMS software with and
without constraints as shown Fig 3.7 and 3.8. The displacement analysis of the
model with different crank angles were carried out for 0 to 360 deg. angles of crank
of 80 mm diameter. The displacement of mechanism varied from 25 to 160 mm
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with 0 to 360 deg. and maximum displacement was observed at the crank angle 240

deg. for 80 mm diameter as shown in the Fig 3.9.

Velocity analysis of the model w.r.t crank speeds at 200, 220 and 240 rpm
were also done using ADAMS. The variation of velocity and acceleration of the
mechanism were shown in the Fig. 3.10 and 3.11. The velocity of the model with
respect to 200, 220 and 240 rpm were observed as 1.0-1.5, 1.1-1.9 and 1.2-1.95 m
s respectively. The acceleration of the model with respect to 200, 220 and 240
rpm were observed as -20 to 40, -25 to 45 and -30 to 50 m s respectively as in
shown Fig 3.8 to 3.9. The optimized values for the prototype of mechanism were

found out as 80 mm diameter of crank and speed of crank 220 rpm.

Fig.3.5 Orthographic view of crank rocker mechanism
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Crank

Connecting rod

Rocker

Rocker Extension

Fig.3.6 Isometric view of Crank rocker mechanism
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Crank
Connecting rod
Rocker
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Fig. 3.8 Crank rocker mechanism with constraints
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3.6.5 Determination of throat clearance

The throat of the harvester was determined with reference to the flow of
material on soil separator unit. The width of the throat was limited to 1 m due to
the selected blade size. The height was determined on the basis of height of root
crop leaves. It was done so that, no damage is caused during the operation and to
the material handled by the digger. The maximum depth of the digger was selected

as 200 mm based on the distribution of tuber/rhizome in the soil.

Considering the average height of the root plant as 300 mm and depth of
operation as 200 mm, the total height of the soil-rhizome plant was calculated as
500 mm. After the lifting of soil-rhizome, the volume would increase by 1.5 times
of the original volume. The other materials like weed may also pass through the
throat and therefore, a clearance of 100 mm was provided in addition to the height

of material. Hence, the total throat height of the digger was decided as 600 mm.
3.7 DEVELOPMENT OF ROOT CROP HARVESTER

The prototype of the tractor drawn root crop harvester consists of main frame,
power transmission system, digging and soil separator units. The isometric and
orthographic views of tractor drawn root crop harvester is shown in Fig.3.12 and
Fig.13
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Fig.3.13 Orthographic view of root crop harvester



64

3.7.1 Main frame

The main frame was designed by considering the height of plant, bed width.
It was made of MS channel for mounting power transmission unit, digging and soil

separator units. The overall dimension of the main frame is 1540 x 540 mm.
3.7.2 Power transmission system

The power transmission system was made in two stages, first from tractor
P.T.O to the machine gear box and from there to the crank by side shafts, again the
drive is transferred to the soil separator unit through two four barlinks (Crank
rocker mechanism). The speed of P.T.O shaft is 540 + 10. A universal coupling
was used to transfer the rotation to input shaft of gear box, of which the gear ratio
was provided as 1:2.2 ratio. Two side shafts were connected to gear box to get a
rotational speed of 220 rpm to the crank of the soil separator unit through a two
four bar mechanism (Crank rocker).

3.7.3 Digging unit

The digging unit is to dig out the tuber/rhizome from the soil planted at a
depth ranging from 15 to 20 cm. The digging unit was made of M.S material. The
length, width and thickness of the blade were taken as 900, 200 mm and 10 mm
respectively. The blade was fitted at the fore front of the soil separator unit at
angles varied from 15 to 25 deg. with the horizontal. Different types of digging
blade are shown in Fig. 3.12 and Plate 3.4.
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(a) V-type blade

(b) Straight edge type blade

All dimensions in mm

(c) Crescent blade

Fig.3.14 Types of digging unit
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Plate. 3.4 Types of digging unit

3.7.4 Soil separator unit

The soil separator unit consisted of soil separator of dimension 1000 x 600
mm. The soil separator consists of oscillating sets of fingers, crank rocker
mechanism and a spring. Fingers are made of @10 MS rods and 600 mm length.
The two sets of oscillating finger rods, 5 fingers each, constituted the moving
part of the soil separator unit. Each set finger rods connected to main frame with
help of four springs which helps in the lifting movement. The oscillation was
obtained from the drive unit. The fingers were drilled through square rods and
welded in place. The gap between rods of the unit kept in the range such that the
root crops should not fall from the gap. For free and efficient dropping of soil mass
from soil separator unit, the rods spacing was kept as 50 mm and for early dropping
of tubers/rhizomes from the unit, its length was kept about twice the average length
of tuber/rhizome spread with plant cutting. Thus, the length of soil separator unit
was kept 60 cm. It was bent at the rear end to drop the soil lump on to the bed
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without much scattering. The basic requirement of the soil separator unit is to
loosen the soil from the dug crop by providing oscillations in the unit. The
oscillating unit were provided immediate after the frame of the digging unit. The
number of oscillations of the soil separator can be increased by increasing the
peripheral speed which can be regulated by the P.T.O speed of the tractor.

Plate.3.5 Prototype of the root crop harvester
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3 SN

Plate.3.6 Prototype root crop harvester attached with tractor

3.8 TESTING AND OPTIMIZATION OF ROOT CROP HARVESTER

The operational parameters of the digging and soil separator unit of the root
crop harvester were separately evaluated in the field. The operational parameters of
the digging unit were evaluated in terms of draft, digging efficiency, percent
damage and fuel consumption for three different types of blades at different rake
angles and forward speeds. The selected rake angles are 15, 20 and 25 deg.
respectively and forward speeds are 1.5, 2.0 and 2.5 km h respectively. Similarly,
the performance of the soil separator unit was evaluated in terms of conveying
efficiency and soil separation index for three different crank diameters of 40, 60
and 80 mm and spring tensions of 800, 1200 and 1600 N m™. Tests were conducted
in research stations of KAU and farmer’s fields. The moisture content of soil was
maintained at 15 per cent (d.b) by allowing the field to dry after rainfall. Each
experiment was repeated three times. The experiments were conducted for the

treatment combinations (81) as shown in Table. 3.2
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Plate 3.7 View of root crop harvester in field

Table 3.2 Factors selected for the experiment

Digging unit Soil separator unit

Rake angle, Forward Diameter of  Spring
Type of blade )

deg. speed, kmh crank, mm tension, N m
Straight edge 15 15 40 800
V-type 20 2.0 60 1200
Crescent 25 25 80 1600
Replications = 3 Replications = 3

Total number of experiments ~ 3x3x3x3 =81  1otal number of experiments =
3x3x3 = 27

3.8.1. Draft measurement

Draft was measured using a dynamometer (Plate 3.8). The harvester was
mounted on tractor A and was towed by another tractor (B). A dynamometer was
connected in between tractors and the draft was measured by engaging tractor A in
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neutral gear condition and harvester was in operating condition. Keeping the
harvester in lift position after the tractor is allowed to move further. The difference

between two draft readings were measured and recorded.

Draft power requirement for the operation of harvester was calculated by the

following formula:

-1
Power(kW) = Draft(kN)xSpeed(kmh™) (3.27)

3.6

Plate. 3.8 Measurement of draft
3.8.2 Digging efficiency

Digging efficiency was calculated using the following formula:

Digging Efficiency(Percent) = A %100 ....(3.28)
A+B
Where,
A = Mass of Tuber/rhizome dugout by harvester in unit area, kg
B = Mass of Tuber/rhizome left in soil after harvesting in unit area, kg

After each test run a sample area of 10 m x 10 m was demarcated at three
places randomly. The sampling area was thoroughly cleaned and the weight of
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tuber/rhizome, both exposed and covered with soil was recorded. The result was
presented on percentage basis. A higher percentage of tuber/rhizome plants

harvested indicates better performance of harvester (Wajire et al., 2018).
3.8.3 Per cent damage

During harvesting operation, different types of damages occur to
tuber/rhizome in the form of cut, crush, sliced or bruised. Improper depth of
operation during harvesting was one of the main cause of cutting and slicing of
tuber/rhizome. Bruises were caused due friction of the tuber/rhizome plant with
metal parts of the harvester and also due to friction between soil particles while
flow of plant-soil mass from blade to soil separator unit. Harvested tuber/rhizome
per unit run were examined; damaged rhizomes were separated from the stack and
measured mass of the tuber/rhizome was measured (Wajire et al., 2018). Damage

percentage was calculated as:

Damage (Percent) = ¢ 5 %100 .....(3.29)
Where,

A = Mass of tuber/ rhizome dugout by harvester, kg

B = Mass of tuber/rhizome left in soil after harvesting, kg

C = Mass of damaged tuber/rhizome, kg

3.8.4Fuel consumption

The top fill method was used for measuring fuel consumption. The
measurement of fuel consumption of tractor was carried out by filling up the fuel
tank before starting each trial and after finishing the trialagaintank was refilled.
Amount of refilling after the operation was measured which was the fuel
consumption for digging operation and it was expressed as liter per hour.

3.8.5 Soil separation index

It is the ratio of the difference of soil tuber/rhizome ratio before and after

digging. It is given by the formula (Khura et al., 2011).
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I = _fa ....(3.30)
My
Where,
Is = Soil separation index
ra = Soil-tuber/rhizome ratio after digging, kg and
rb = Soil- tuber/rhizome ratio before digging, kg

3.8.6 Conveying efficiency

The root crop harvester was run for a travel of 10 m and the observations
were recorded. The observations recorded were the weight of tuber/rhizome plants
picked and conveyed and the weight of plants not picked by the unit. The

conveying efficiency was calculated by the following formula,

”m:#zwfmxwo .. (331)
Where,
N, = Conveying efficiency, per cent
W: = Weight of tuber/rhizome delivered by the soil separator in ten meter run, kg
W, = Weight of tuber/rhizome remaining on the soil separator in ten meter run, kg
W3z = Weight of unpicked and dropped plants by the soil separator in ten meter run, kg

Each test was replicated three times. The experiment was repeated for the

levels of variables and average was calculated.
3.9 OPTIMIZATION OF OPERATIONAL PARAMETERS

The operational parameters of the harvester were separately optimized for
digging and soil separator unit. The interaction effects of the independent variables
such as type of blade, rake angle, forward speed and dependent variables such as
draft, digging efficiency, per cent of damage and fuel consumption were studied
using three factorial designs and “Design-Expert” version 12.0.4 was used for
statistical analysis. The desirability index was used to found out the best optimum

values separately for digger and soil separator units.
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Desirability index is an objective function that ranges from zero outside of
the limits to one at the goal. The numerical optimization finds a point that
maximizes the desirability function. The characteristics of a goal may be altered by
adjusting the set conditions. For several responses and factors, all goals get
combined into one desirability function. The goal of optimization is to find a good

set of conditions that will meet all the goals.

3.10 PERFORMANCE EVALUATION OF DEVELOPED ROOT CROP
HARVESTER

Based on the optimum values of the digging and soil separator units of the
harvester the prototype was refined and its performance was evaluated in the
KCAET Instructional Farm, RARS Pattambi, State Seed Complex, Munderi and
different farmers’ fields at Thrissur and Palakkad districts. The engine speed of the
tractor was kept constant at 1600 rpm throughout the test and was set at the
optimum levels of the operational parameters of the digging and soil separator
units. The performance of the tractor mounted root crop harvester was evaluated in
terms of digging efficiency (per cent), Per cent damage (per cent), soil separation
index (per cent), conveying efficiency (per cent), field efficiency (per cent) and fuel

consumption (Ih%) respectively
3.10.1 Theoretical field capacity

The theoretical field capacity of harvester directly effects on the field
efficiency of harvester. For calculating theoretical filed capacity, working width
and travelling speed were taken into consideration. The theoretical field capacity

was computed by using following relationship (Moayad et al., 2014).

Theoretical field capacity in each plot was computed using the following
equation
SxW

2

TFC =

...(3.32)

Where,
TFC = Theoretical field capacity, ha ht
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S = Forward speed, km h!
W = Working width, m
C> = Conversion factor 10

3.10.2 Effective field capacity

The actual output in terms of area covered per hour was expressed as the
effective field capacity. The total time taken by digger to finish the operation in
each experiment plot was recorded by keeping the working speed and rake angle as
constant as possible throughout the work. The effective field capacity was
calculated in (ha h') using the following expression (Moayad et al., 2014) and

mean valves were reported.
Effective field capacity was calculated as follows

A

EFC=?><C3 ... (3.33)
Where,
EFC = effective field capacity, ha h?
A = plot area, m?
T = time, sec
Cs = conversion factor, 0.36

3.10.3 Field efficiency

Field efficiency was calculated by using the following formula (Moayad et
al., 2014).

Field Efficiency = EFC x100 ... (3.34)
TFC
Where,
EFC = Effective field capacity, ha h*
TFC = Theoretical field capacity, ha h!
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3.11 COST ECONOMICS

The economics of the tractor operated root crop harvester will be helpful in
decision making for purchasing a root crop harvester for individual farmer to own a
machine or its custom hiring. The total cost of the tractor mounted root crop
harvester was calculated. Fixed cost depends on the machine whether own use or
custom hiring. But variable cost directly depends on the amount of machine used in
unit time. The cost of operation includes break-even point and payback period were
calculated according to BIS standard IS: 9164-1979. The details of procedure
explained in details as follows and calculations are given in Appendix-XIV. The
performance was compared with conventional method of harvesting in terms of

savings in cost and improvement in harvesting efficiency.
3.11.1 Break Even Point (BEP)

The break-even point is at which neither profit is made nor loss incurred. The
break-even point is equal to the annual fixed cost divided by difference between the
custom rate per hour and the operating cost per hour. The break-even point was

calculated as

BEP = AFC ... (3.35)
CF-C
Where,
BEP = Break-even point, hyr?!
AFC = Annual fixed cost for the machine, Rs. yr
CF = Custom fee, Rs. h'
C = Operating cost, Rs. h!
CF = (cost of operation h* + 25 per cent overhead charges) + (25 per

cent  profit over new cost)
3.11.2. Pay Back Period (PBP)

It is the number of year it would take for an investment to return its
original cost through the annual cash revenues it generates, if the net cash revenues

are constant each year. The payback period is calculated as
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IC
PBP=—— ... (3.36)
ANF
Where,
PBP = Payback period, yr
IC = Initial cost of the machine, Rs
ANP = Average net annual profit, Rs yr?!
ANP = (CF-C)xAU
AU = Annual use, hyrt!

3.11.3 Benefit Cost Ratio

Benefit cost per hectare = Cost of manual harvesting — Cost of machine

harvesting
Therefore,

Benefit cost ratio = Benefit cost ... (3.37)

Cost of machine harvesting

Benefit cost per hectare, Rs. ha
B: C ratio should be more than one
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RESULTS AND DISCUSSION
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CHAPTER IV
RESULTS AND DISCUSSION

In this chapter, the soil, crop and machine parameters pertaining to the design
of the tractor operated root crop harvester is explained. Experimental trials were
conducted to determine optimum levels of digging and soil separator units under
different operating conditions and the results of the data are statistically analyzed and
discussed. The effects of operational parameters on performance of tractor drawn root
crop harvester for harvesting tuber/rhizome under actual field conditions are also
discussed. Based on these optimized parameters, the developed root crop harvester
was further refined and tested in farmer’s fields to evaluate the overall performance of
the machine. The cost economics of the developed tractor drawn root crop harvester

was compared with the conventional method.

4.1 SOIL PARAMETERS

The soil parameters such as soil type, moisture content, bulk density, cone
index and shear strength were found out at the time of harvest. These properties were
determined as explained in section 3.1. The data was statistically analysed and the

results are presented in Table 4.1.

4.1.1 Soil type

The soil samples taken separately from the cultivated fields of coleus, ginger
and turmeric experimental trials were mechanically analysed for finding its textural
composition. The percentage of different textures ranged between 62-63, 10-11 and
26-27 per cent sand, silt and clay in all these fields respectively. Hence, it was
concluded that the type of soil was sandy clay loam soil in coleus field. The
percentage of different textures ranged between 44-47, 29-30 and 23-25 per cent sand,
silt and clay in all these fields respectively. Hence, it was concluded that the type of

soil was laterite in ginger and turmeric fields.
4.1.2 Moisture content

The soil moisture content was measured at different places of the experimental

trial plot at the time of harvesting. The moisture content of the soil was determined
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and statistically analysed. The moisture content varied from 14.50 to 17.34 per cent
with mean of 15.71 per cent and a coefficient of variation of 8.09 per cent with
standard deviation of 1.27. A favourable moisture level was chosen where the required
draft and the soil penetration resistance were moderate and within the working limits
for obtaining maximum harvesting efficiency. Therefore, harvesting at about 15.71
per cent soil moisture content in laterite and sandy clay loam soil was the best suitable
field condition for obtaining maximum harvesting efficiency by mechanical means.
Hence the experiments on performance study of the machine variables were

conducted at this soil moisture level.
4.1.3 Bulk density

The soil bulk density was measured at different places of the experimental trial
plot at the time of harvesting. Soil samples were collected for analysis. The bulk
density of soil was determined and statistically analysed. The bulk density of the soil
ranged from 1590 to 1830 kg cm with an average mean of 1716.0 kg cm™. The
coefficient of variation was found out as 5.11 per cent and standard deviation of 87.6.
It shows the variations in soil bulk density at respective soil moisture. It was observed
that bulk density of soil increased with increase in soil moisture content and had a

linear relationship.
4.1.4 Cone index

The cone index of soil was determined and statistically analysed. The cone
index varied from 0.83 to 1.51 kg cm. The highest value of the cone index was 1.51
kg cm at the soil moisture of 14.50 per cent. The cone penetration resistance values
varied from 0.83-1.51 kg cm? and as the depth increased from the surface, the
penetration resistance was also increased. The highest value of the cone index was
found out as 1.51 kg cm™ at the soil moisture of 14.50 per cent. As the depth increased

from surface, penetration resistance was also increased.
4.1.5 Shear strength

The shear strength of soil was determined and analysed statistically. The shear
strength of soil varied from 0.0128 to 0.0142 kg cm with mean of 0.0136 kg cm™.
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The coefficient of variation was found out as 4.36 per cent. The highest value of shear
strength of soil at the soil moisture content of 14.50 per cent at10 cm depth of soil.

The coefficient of variation was found out as 4.36 per cent.
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Table.4.1 Properties of soil parameters at the time of harvesting of coleus, ginger and turmeric

S. No. Moisture content, (db) Bulk density, kg m Cone index, kg cm~ Shear strength, kg cm
per cent
Coleus Ginger Turmeric Coleus Ginger Turmeric Coleus Ginger Turmeric Coleus Ginger Turmeric
1 18.40 1854  17.34 1850 1865 1830 131 153 1.51 0.015 0.0125 0.0128
2 1811 1751  16.77 1740 1710 1750 115  1.29 1.35 0.012 0.0136  0.0132
3 17.36 1711  15.24 1660 1669 1720 1.05  1.18 1.16 0.019 0.0129  0.0139
4 16.21 1561 1471 1580 1619 1690 094  0.96 0.98 0.013 0.0128  0.0140
5 1590 1489 1450 1575 1605 1590 089  0.85 0.83 0.011 0.0122  0.0142
Range 750 360 2.84 275 260 240.0 042  0.68 0.68 0.008 00014  0.0014
Mean 1719  16.73 15.71 1681 1693.60 1716.00 1.068  1.16 1.16 0.014 0.012  0.0136
SD 111 147 127 11610 10450  87.60  0.168 0269 027 0003 0.0005 0.00059
CV ' 648 880 8.09 691  6.17 5.11 15.78 2318 2348 2259  4.10 4.36




81

4.2 CROP PARAMETERS

Crop parameters such as biometric, physical and frictional parameters were
studied separately for these crops. The biometric parameters include the number of
leaves, height of plant, depth of tuber/rhizome, plant density, spacing, tuber/rhizome
weight and number of tuber/rhizome fingers per hill. The data related to these
parameters were used in the design of functional components of the root crop
harvester. The data of the biometric observations of root crops in the field at the time

of harvesting data are presented in Appendix - .
4.2.1 Number of leaves

The number of leaves per plant varied from 15-25, 11-29 and 6-12 for coleus,
ginger and turmeric respectively, with an average of 20.90, 19.60 and 9.20 at the time

of harvesting.
4.2.2 Height

The plant height of root crops ranged from 50-70, 16.0-35.0 and 20-50 cm
with a mean of 56.52, 24.70 and 39.50 cm for coleus, ginger and turmeric

respectively.
4.2.3 Depth of tuber/rhizome

The depth of the tuber/rhizome in soil was varied from 8-10 cm, 11-20 and 15-
21cm with an average of 8.96, 16.45 and 18.15 cm for coleus, ginger and turmeric

respectively.
4.2.4 Plant density

The plant density of tuber/rhizome were found out as 15-18, 9-12 and 9-12
numbers for coleus, ginger and turmeric respectively. Accordingly the mean of plant
density of tuber/rhizome were found out as 16, 10 and 11 for coleus, ginger and

turmeric respectively.
4.2.5 Spacing

Plant to plant spacing of tuber/rhizome varied from 15-16, 20-25 and 20-25 cm
and average values of 15.20, 24.2 and 23.90 cm for coleus, ginger and turmeric
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respectively whereas row to row spacing of tuber/rhizome varied from 30, 25-30 and
25-30 cm with mean of 30.10, 28.90 and 28.30 cm for coleus, ginger and turmeric

respectively.

4.2.6 Tuber/rhizome soil composite

The tuber/rhizome soil composite varied from 7-12, 11-21 and 17-20 cm with
a means of 9.55, 17.45 and 18.60 cm for coleus, ginger and turmeric respectively.
Also noted that distribution of the crops in horizontal and vertical directions on the
soil surface ranged from 10.60 to 20.70 cm with an average of 14.60 cm. The weight
of the tuber/rhizome soil composite is an important parameter in the design of soil
separator unit of the harvester. The weight of rhizome varied from 0.20-0.35, 0.35 to
1.13 and 0.45-0.75 kg and the mean values were 0.289, 0.764 and 0.615 kg for coleus,
ginger and turmeric respectively. The number of fingers per hill is also an important
parameter as it determines the volume of crop to be handled by the machine. The
number of rhizome fingers per hill ranged from 8-15, 5-14 and 3-12 and mean value
were 11.10, 10 and 8.20.

The weight of rhizome with leaves is an important parameter which
determines the total volume of crop to be handled by the machine as well as the length
of the soil separator to be decided.

4.3 PHYSICAL PROPERTIES OF TUBER/RHIZOME

The physical properties of rhizome/tubers viz., size, geometric mean diameter,
sphericity, rhizome index, surface area, bulk volume and bulk density were
determined and analyzed statistically. The data obtained are presented in Appendix —
11, 111 and IV.

4.3.1 Size

The major, minor and intermediate diameter of coleus was found out as 4.86,
3.37 and 2.38 cm. Similarly, 16.52, 9.75 and 4.08 cm for ginger and 13.83, 10.12 and
3.56 cm for turmeric. Accordingly, the geometric mean diameters were found out as

3.29, 8.80 and 7.83 cm for coleus, ginger and turmeric respectively.
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4.3.2 Sphericity

The average values of sphericity were 0.69, 0.53 and 0.57 for coleus, ginger

and turmeric respectively,
4.3.3 Bulk density

The average bulk volume and bulk density were found out as 179.30, 211.20
and 194.2 cm® and 720.0, 491.82 and 481.63 kg m= for coleus, ginger and turmeric,
respectively. The bulk densities of the tubers/rhizomes are important parameter in

designing the soil separator unit.
4.3.4 Tuber/Rhizome Index

The tuber/rhizome index was found out as 67.59, 42.18 and 39.95 per cent for

coleus, ginger and turmeric respectively.
4.3.5 Surface Area

The average surface area determined was 35.56, 235.20 and 195.20 cm? for

coleus, ginger and turmeric respectively.
4.3.6 Moisture Content

The moisture content of rhizomes/tubers at the time of harvest is another
important parameter in digging out from the soil. The moisture content varied from
70.75 to 75.27 per cent (w.b.) with an average of 73.51 per cent. Since the moisture
content of tubers/rhizomes at the time of harvest is very high, the soil has a tendency
to adhere to the rhizome and it comes out along with the soil which increases the
weight of tuber/rhizome soil composite by the machine. Ajav and Ogunlade (2014)
reported that some deviations were observed from the average values which are of the
physical properties. The physical properties increased with an increased in the
moisture content except bulk density which decreased as the moisture content

increased.
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4.4 FRICTIONAL PROPERTIES OF TUBER/RHIZOME

The major frictional properties of coleus, ginger and turmeric affecting the root
crop harvester viz., coefficient of friction, angle of repose and texture were

determined, analyzed statistically and presented in Appendix -V and VI.
4.4.1 Coefficient of friction

The range of coefficient of friction of coleus for stainless steel, plywood and
galvanized iron were found out as 0.67 to 0.78, 0.78 to 0.83 and 0.69 to 0.75,
respectively. The mean coefficient of friction for stainless steel, plywood and
galvanized iron were found out as 0.702, 0.816 and 0.720 respectively. The coefficient
of variation of stainless steel, plywood and galvanized iron were found out as 9.89,

4.38 and 3.33, respectively.

The range of coefficient of friction of ginger for stainless steel, plywood and
galvanized iron were found out as 0.45 to 0.53, 0.50 to 0.66 and 0.48 to 0.59
respectively. The mean coefficient of friction for stainless steel, plywood and
galvanized iron were found out as 0.500, 0.564 and 0.542 respectively. The coefficient
of variation of stainless steel, plywood and galvanized iron were found out as 6.32,
12.19 and 9.08 respectively.

The range of coefficient of friction of turmeric for stainless steel, plywood and
galvanized iron were found out as 0.53 to 0.61, 0.72 to 0.79 and 0.61 to 0.71
respectively. The mean coefficient of friction for stainless steel, plywood and
galvanized iron were found out as0.57, 0.75 and 0.66 respectively. The coefficient of
variation of stainless steel, plywood and galvanized iron were found out as 5.95, 4.14

and 5.99 respectively.
4.4.2 Angle of repose

The angle of repose of coleus, ginger and turmeric were measured as 37.60, 34.33
and 31.69 deg. respectively. The angle of repose is the determining factor in the
design of the lifting the fingers of the soil separator unit. The values obtained are in

accordance with the results of Yerima et al., (2016).
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4.4.3 Texture

Firmness is the characteristic of a material expressing its resistance to
permanent deformation. Firmness of coleus, ginger and turmeric is an indicator of
good edible quality of the tuber/rhizome with more consumer appeal. The maximum
and minimum firmness for coleus were found out as 296.35 and 187.26 N respectively
similarly 163.44 and 277.96 N for ginger and 59.67 and 81.44 N for turmeric,
respectively. The average values of firmness were found as 233.20, 214.2 and 67.83 N
and standard deviation of firmness were 43.50, 50.60 and 8.94 and coefficient of
variation of firmness were 18.64, 23.63 and 13.18 for coleus, ginger and turmeric,

respectively. The results are presented in Appendix-VI.

4.5 MACHINE PARAMETERS

The machine parameters of the tractor drawn root crop harvester were size,
shape, rake angle of the digging unit and diameter of crank, spring tension and speed
of the crank of the soil separator unit.

4.5.1 Blade geometry

The following three levels of blade geometry at constant blade width of 900
mm, length of 200 mm and thickness of 10 mm made of M.S. flat were selected for
experimentation such as V-type blade, Crescent type blade and Straight edge type
blade.

4.5.2 Rake angle of the blade

Present investigation was conducted with the experimental set up of the root
crop harvester at three levels of rake angles of 15, 20 and 25 deg. at a constant width

of 900 mm of digging unit of the harvester.
4.5.3 Diameter of crank

The three levels of diameter of crank were selected as 40, 60 and 80 mm for
experimental trials of the soil separator unit and 80 mm diameter of crank was

optimized based on the displacement analysis and experimental trials.
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4.5.4 Speed of crank

The three different levels of crank speed were selected as 200, 220 and 240
rpm and analysed in the ADAMS software for velocity and acceleration analysis of
the model. The speed of the crank 220 rpm was selected for the crank on the velocity

and acceleration analysis results.
4.5.5 Spring tension

Three different levels of spring tensions were selected as 800, 1200 and 1600
N m for experimental trials for the lifting of finger assembly of soil separator unit.

4.6 DESIGN OF ROOT CROP HARVESTER

The root crop harvester for harvesting root crops was designed and developed
by considering soil, crop and machine parameters utilizing P.T.O power of the tractor.
The main purpose was to design the machine for harvesting root crop with minimum
draft requirement, maximum digging efficiency, low damage to tuber/rhizome and
less fuel consumption along with greater soil separation and conveying efficiency at
economic cost of operation. The machine consisted of main frame, power

transmission system, digging unit and soil separator unit.
4.6.1 Selection of prime mover

A suitable prime mover was selected based on calculated total power
requirement for the operation of root crop harvester. The total power required was
sum of power required for digging the rhizome/tuber, lifting it on to the soil separator,

operation of soil separator and power required for pulling the machine.

The prime mover was selected in such a way that, maximum number of
farmers could be benefited using the root crop harvester. It was evident that tractor
population and their utilization have been more compared to power tiller usage.
Hence, it was decided to design root crop harvester to suit tractors and hence could be

useful to the farming community.



87

4.6.1.1 Power required for digging unit

The total width of raised bed system was 900 mm and it covered two to three
rows selected crops with spacing between the crops was 300 x 300 x 300 mm. Hence,
the width of cut for a single blade for all rows over a total width of 900 mm was
selected. The maximum depth of operation required was 200 mm. The power required
for digging soil and haulms were calculated and it was found out as 12.35 kW.

4.6.1.2 Power required for soil separator unit

The power required for conveying the dug material to the rear of the harvester
was determined and it was found out as 3.68 kW. The total power required for the
harvester was 17.23 kW, but the available power from P.T.O tractor was above 28
kW. Therefore, the power required to operate the machine would be adequately
provided from the drawbar and P.T.O of a 28 kW tractor.

4.6.1.3 Determination of draft on digging unit

The working depth of digging blade was an important parameter from the
design point of view as it directly affects the power requirement of a root crop
harvester. This working depth of digging blade is mainly dependent on the depth of
tuber/rhizome in the soil. The study on crop properties of root crops carried out in the
field yielded that, the depth of tuber/rhizome was in range of 100-200 mm with a
mean value of 200 mm. Considering the probable variation in depth of tuber/rhizome
of different varieties in the soil and to harvest it without damage, the minimum depth

of operation was selected as 200 mm.

The draft of the blade was calculated 344.70 kg using the general soil
mechanics equation for a blade deforming the soil in two dimensions (Hettiarachi et
al., 1966). Usual variations in rake angle of the digging blade ranged between 15 to 25
deg. A rake angle of 20 deg. was considered for the determination of expected draft.
The 20 deg. was the mean value of rake angle selected for experimental trial.
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4.6.2 Design of digger unit

The blade was designed for its thickness on the basis of load acting on it.
Three types of blade were designed for experimental purpose such as straight edge
type, V-type and crescent type of blades. The dimensions of the digging blade was
worked out as recorded in equation 3.20 and it was kept 10 mm thickness and the total

width of blade was 900 mm as per requirement of digging operation.
4.6.3 Throat clearance

The size of the throat was determined keeping in view the ease of flow of
material on soil separator unit. The width of the throat was limited to 900 mm because
of the size of the blade selected. The height was determined on the basis of height of
root crop leaves so that it should not get damaged during the operation and material
handling by the digger. The maximum depth of operation of the digger was selected as

200 mm based on the distribution of tuber/rhizome in the soil.

Considering the average height of the root plant 300 mm and the depth of
operation 200 mm, the total height of the soil-rhizome plant included was 500 mm.
After lifting of soil-rhizome the volume would increase by 1.5 times of the original
volume based on cut-fill ratio of the soil. The other material like weed etc. may also
pass through the throat. Therefore, a clearance of 100 mm was provided in excess of
the height of material. The total throat height of the digger was thus decided as 600

mm.
4.6.4 Soil Separator Unit

The soil separator unit was designed based on its functional requirements. The
width of the soil separator was fabricated as 1000 mm on the basis of width of the
blade. The length of the soil separator was designed by considering the total material
to be handled by a harvester. The length of the soil separator was 600 mm fabricated
using M.S. rod of 10 mm diameter and opening between the rods was selected 50 mm
keeping in view the minimum size of rhizome/tube to be retained on the soil separator

unit.
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4.7 DEVELOPMENT OF ROOT CROP HARVESTER

The prototype of the tractor drawn root crop harvester consisted of main
frame, power transmission system, digging unit, soil separator unit. The specifications

of prototype root crop harvester are presented in Table 4.2.

The main frame dimension was fabricated by considering the height of plant,
width of bed and tractor track width. The main frame was made of mild steel channel
for mounting power transmission system, digging unit and soil separator unit. The

overall dimension of the main frame is 1540x540 mm.

The power transmission system has been made at two stages, first from P.T.O
to machine gear box from which power is transmitted to crank of the crank rocker
mechanism and also the same power is to soil separator unit by crank rocker

mechanism unit.

The digging unit is to dig out the tuber/rhizome from the soil planted at a depth
ranging from 10 to 20 cm. The digging blade was made of M.S of size LxWXT as
were 900x200x10 mm. The blade was fitted at the fore front of the soil separator unit
at an angle varied from 15 to 25 deg. with the horizontal. When the tractor is moving
forward blade enters into the soil, the tuber/rhizome will move over the blade and then

passed to the soil separator unit.

The soil separator unit consisted of soil separator of dimension 1000 x 600
mm. The soil separator consists of rods, these are made of mild steel rod of 10 mm
diameter and 600 mm length. The numbers of rod are 10 and spacing between rods 50

mm.
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Table 4.2 Specifications of the root crop harvester

SI. No. Components Specifications
1 Overall dimensions
Length, mm 1600
Width, mm 640
Height, mm 1400
2 Main frame
Length, mm 1540
Width, mm 540
Height, mm 750
3 Digging unit
Type of blade V-type
Length, mm 900
Thickness, mm 10
4 Power transmission system
Gear reduction in gear box 1:2.2
Output speed of gear box, rpm 220
5 Crank rocker mechanism (Four bar linkage)
Crank, mm 80
Connecting rod, mm 430
6 Soil separator unit
Length, mm 1000
Width, mm 600
Number of finger rods 10
Number of springs 4
7 Weight of the harvester, kg 250
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4.8 TESTING AND OPTIMIZING OF THE DEVELOPED ROOT CROP
HARVESTER

The tractor drawn root crop harvester was tested in field condition to
determine the optimum operational parameters for harvesting coleus. The parameters
selected for optimization include three types of blades viz., straight edge, V-type and
crescent, three rake angles viz., 15, 20, 25 deg. and three forward speeds viz., 1.5, 2.0
and 2.5 km h' respectively. The levels of variables selected for the study are presented
in Table 3.2. The test procedure is explained in Sec. 3.8. The effect of operational
parameters were studied to evaluate the performance of root crop harvester in terms of
draft, digging efficiency, damage of tuber/rhizome and fuel consumption separately

for coleus, ginger and turmeric.
4.8.1 The draft requirement for coleus

The effect of type of blade, rake angle and forward speed on draft of root crop
harvester for coleus is presented in Appendix-VII. The minimum draft of 1418.66 N
was obtained for straight edge blade at a rake angle of 15 deg. when the harvester was
operated at a forward speed of 1.5 km h*l. The maximum draft of 2009.52 N was
recorded at a forward speed of 2.5 km ht at 25 deg. rake angle. An average draft of
1754.02N was observed for straight edge blade at different combinations of rake angle

and forward speed.

In case of V- type blade, an average draft was recorded as 1456.83 N which
was 20.00 per cent lesser than the straight edge blade. The maximum draft of 2009.52
N was recorded at the rake angle of 25 deg. at a forward speed of 2.5 km h'. The
maximum draft of 2009.52 N was recorded at the rake angle of 25 deg. at forward
speed of 2.5 km h! for crescent blade. An average draft of 1881.57 N was recorded
which is 23 per cent more than that of V-type blade.

Analysis of variances on draft while uprooting coleus is presented in Table 4.3.
The effect due to operational parameters and its interactions on draft is also presented.
The type of tool geometry has significant influence on the draft requirement of root

crop harvester along with rake angle and forward speed.
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It also showed that both type of blade (B) rake angle (R) and forward speed (S)
had significant effect on draft at 1 per cent level of significance. The interaction
effects of (B X R), (B x S) and (R x S) significantly influenced the draft at 5 per cent
level of significance. The standard deviation and coefficient of variation were found
out as48.14 and 2.75 per cent with a mean value of 1753.07 N. From the Fig. 4.1, it is
obvious that, as the rake angle increased from 15 to 25 deg. the draft increased for all
the types of blades at the forward speed of 1.5 km h™. The minimum draft was noticed
for V-type blade as compared to straight edge and crescent type blades. A draft
0f23.00 per cent less than the straight edge blade at the rake angle of 15 deg. and

forward speed of forward speed of 1.5 km h™* was obtained for V-type blade.

Similar trend was noticed for both the forward speed of 2.0 and 2.5 km h!
(Fig. 4.2 and 4.3). This might be due to different regimes of soil failure, different
forces acting on the soil and also the tool geometry parameters. Similar results are in
accordance with the results of V-type blade when used in onion digger (Khura et al,
2011) and ginger harvester cum elevator (Kawale et al.,2018).

Table 4.3. Analysis of variance on draft for harvesting coleus

Source of Sum of DF Mean F
variables (SV) Squares (SS) Square (MS) Value
Model 956300 18 53129.18 22.92 **
Type of blades (B) 167100 2 83556.63 36.05 **
Rake angle (R) 15045.69 2 7522.84 3.25*
Forward speed (S) 458000 2 229000 98.80 **
BXR 57950.71 4 14487.68 6.25*
BXS 222900 4 55714.45 24.04 **
RXS 35393.28 4 8848.32 3.82*
Residual 143700 62 2317.74
Lack of Fit 45751.63 8 5718.95 3.15
Pure Error 97948.30 54 1813.86
Cor Total 1100000 80
Std. Dev. 48.14 R-Squared 0.86
Mean 1753.07 Adj R-Squared 0.83
CV.% 2.75 Pred R-Squared 0.77

Adeq Precision 18.77

* Significance at 1 Per cent level ** Significance at 5 Per cent level
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Fig.4.1 Draft requirement for harvesting coleus at 1.5 km h!
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Fig.4.2 Draft requirement for harvesting coleus at 2.0 km h
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Fig.4.3 Draft requirement for harvesting coleus at 2.5 km h-!
4.8.2 Digging efficiency for harvesting coleus

The effects due to the type of blade, rake angle and forward speed on digging

efficiency of harvesting coleus with the root crop harvester are presented in Appendix-
VILI.

A maximum digging efficiency of 93.99 per cent was observed at the rake
angle of 25 deg. and forward speed at 2.5 kmh for straight edge blade where as a
minimum of 84.15 per cent was observed at the rake angle 15 deg. and at forward
speed of 1.5 km h*. An average digging efficiency of 88.55 per cent was observed for
straight edge blade at the different combinations of rake angle and forward speed.

In case of V- type blade, the average digging efficiency was observed as 97.63
per cent which was 11.00 per cent higher than the straight edge blade. The maximum
digging efficiency of 99.89 per cent was observed at a rake angle of 25 deg. at forward
speed of 2.5 km h'. A digging efficiency of 95.20 per cent was observed as minimum
at 15 deg. rake angle and at 1.5 km h* forward speed.
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Maximum digging efficiency of 99.35 per cent was observed in crescent blade
at 25 deg. rake angle and at 2.5 km h* forward speed whereas a minimum of 89.13 per
cent was obtained at 15 deg. rake angle and at 2.0 km h™. The mean value of 91.20 per
cent was recorded in crescent blade which was 9.0 per cent less than the V-type blade.

Analysis of variance on digging efficiency for coleus is presented in Table 4.4.
The effects due to operational parameters and its interactions on digging efficiency are

also presented.

Among the three different type of blades tested, the maximum digging
efficiency of 99.30 per cent was noticed in V-type blade at the forward speed of 2.0
km h't and at 25 deg. rake angle (Fig.4.4). Whereas minimum digging efficiency of
84.15 per cent was observed in straight edge blade at the forward speed of 1.5 km h?
and rake angle of 15 deg.

Noticed that the main effects of each factor type of blade (B), rake angle (R)
and forward speed (s) were significant at 1 per cent level of significance on digging
efficiency. The interaction effect of (B x S) is significantly influence the digging
efficiency at 5 per cent level of significance and the interaction effects of (B x S) and
(R x S) are insignificant. The standard deviation and coefficient of variation were
found out as1.85 and 1.99 per cent with a mean value of 92.76.

Also observed that as the rake angle increased from 15 to 25 deg. digging
efficiency for all the types of blades and for all the forward speed of operation was
increased. Similar trends were observed for both the forward speed 2.0 and 2.5 km h*
(Fig.4.5 and 4.6).

It was seen that the digging efficiency increased as rake angle increased from
15 to 20 deg. but decreased with increase in rake angle. The digging efficiency was
maximum at the rake angle of 20 deg. for all the combinations of variables. Increase
in rake angle of V-type blade from 15 to 20 deg. for forward speed of 2.0 km h?
resulted in increase in digging efficiency of 5 per cent but showed a decreased trend

when rake angle changed from 20 to 25 deg.

The lower digging efficiency at lower rake angle and lower forward speed
might be due to insufficient depth of cut, hence resulted in reduced digging efficiency.
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For increased rake angle of 25 deg. and forward speed of 2.5 km h, the digging
efficiency was found decreased. It may be due to higher soil disturbance and lesser
blade penetration. At optimum rake angle of 20 deg. and forward speed of 2.0 km h'
higher digging efficiency was obtained. This might be due to optimum depth of cut
and hence the good tilth. Similar findings were obtained on harvesting root crops by
inverted V blade with maximum tuber recovery and minimum damage (Vatsa et al.,

1993) and ginger harvester cum elevator (Kawale et al.,2018).

Table 4.4 Analysis of variance on digging efficiency for coleus

Source of Sum of Mean F

: DF
variances Squares Square Value
Model 997.69 10 99.77 29.29 **
Type of blades (B)  750.17 2 375.08 110.12 **
Rake angle (R) 92.69 2 46.35 13.61 *
Forward speed (S)  87.03 2 43.52 12.78 **
BXS 67.80 4 16.95 4.98 *
Residual 238.43 70 3.41
Lack of Fit 997.69 10 99.77 29.29
Pure Error 167.84 54 3.11
Cor Total 1236.12 80
Std. Dev. 1.85 R-Squared 0.80
Mean 92.76 Adj R-Squared 0.77
CV.% 1.99 Pred R-Squared 0.74

Adeq Precision 18.55

* Significance at 1 % level ** Significance at 5 % level
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Fig. 4.4 Digging efficiency for harvesting coleus at 1.5 km h!
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Fig. 4.5 Digging efficiency for harvesting coleus at 2.0 km h!
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Fig. 4.6 Digging efficiency for harvesting coleus at 2.5 km h

4.8.3 Per cent damage of coleus

The effects due to the type of blade, rake angle and forward speed on damage
of coleus due to the root crop harvester are presented in Appendix-VI1I.

For a straight edge blade, a minimum damage tuber of0.59 per cent was
recorded at rake angle 15 deg. and at 1.5 km h™! forward speed. The maximum per cent
damage of 5.18 was observed at rake angle 25 deg. and forward speed 2.5 km ht. A

mean value of 4.2 per cent of damage was recorded for straight edge blade at the
different combinations of rake angle and forward speed.

In case of V-type blade, the average damage was observed as 1.27 per cent
which was 3.3 per cent less than the straight edge blade. The maximum per cent of
damage of 3.17 was observed at 15 deg. rake angle and at 1.5 km h speed of
operation where as minimum of 0.59 per cent of damage was obtained at 20 deg. rake
angle and 2.0 km h! speed of operation for V-type blade. In case of crescent blade, an
average per cent damage of 5.06 was obtained in different combination of rake angle

and speed of operations which was 75.09 per cent more than the V-type blade. The
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maximum per cent damage of 5.5 per cent was noticed at a rake angle of 15 deg. and

at 1.5 km h' speed of operation.

Analysis of variance on per cent damage of coleus is presented in Table 4.5.
The effect due to operational parameters and its interactions on per cent damage of
tuber is also presented. It is noticed that, the effect of type of blade (B), rake angle
(R) and forward speed (S) were significantly influenced individually on the damage of

tuber at 5 per cent level of significance.

The interaction effects of (B x R) significantly influenced the damage of
rhizome at 1 per cent level of significance. The interaction effects of (B x S)
significantly influenced the damage of rhizome at 5 per cent level of significance. The
standard deviation and coefficient of variation were found out as 0.42 and 11.29 per
cent with a mean value of 3.77. It was observed that as the rake angle increased from
15 to 20 deg., the per cent damage of tuber was found decreased. Further increase in
rake angle from 20 to 25 deg., there was a slight reduction in damage of tuber. The

similar trend was obtained in all the combinations of variables (Fig.4.7).

The least damage to tuber of 0.59 per cent was observed in V-type blade at
rake angle of 20 deg. and forward speed of 2.0 km h™. A highest damage of tuber of
5.5 per cent as obtained in crescent blade at 15 deg. rake angle and at forward speed of
1.5 km hL. It was also observed that as the rake angle increased, the per cent damage
to the tuber decreased (Fig.4.7).

Similar trend was observed for all the combinations for the forward speed of
2.0 km h't and 2.5 km h* (Fig. 4.8 and Fig. 4.9). The higher damage of tuber at lower
rake angle might be due to the reduced penetration. Hence more damage of tuber was
observed. Again the forward speed also had considerable effect on percentage damage
of tuber. At an optimum speed of 2.0 km h™, there was sufficient depth of cut and
optimum soil loosening effect, hence less damage of tubers were observed. Further
increase in forward speed upto 2.5 km h* resulted in higher tuber damage. This might
be due to reduced blade penetration and higher soil disturbance, which in turn resulted
in increased damage. Similar findings were reported by Vatsa et al., (1993) who

reported that the use of inverted V blade resulted minimum damage in potato.
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Table 4.5 Analysis of variance on per cent damage of harvesting coleus

Source of Sum of Mean F
: DF

variances Squares Square Value
Model 110.32 14 7.88 43.50 **
Type of blades (B)  95.89 2 47.94 264.65 **
Rake angle (R) 1.85 2 0.9226 5.09 *
Forward speed (S)  1.98 2 0.9922 548 *
BXR 6.98 4 1.75 9.64**
BXS 3.62 4 0.9050 5.00*
Residual 11.96 66 0.1812
Lack of Fit 2.80 12 0.233 1.38
Pure Error 9.16 54 0.1696
Cor Total 122.28 80
Std. Dev. 0.42 R-Squared 0.90
Mean 3.77 Adj R-Squared 0.88
CV.% 11.29 Pred R-Squared 0.85

Adeq Precision 21.64

** Significance at 1 % level *Significance at 5 % level
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Fig. 4.7 Per cent damage of coleus at 1.5 km h!
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Fig.4.9 Per cent damage of coleus at 2.5 km h-!
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4.8.4 Fuel consumption for harvesting coleus

The effects of operational parameters viz. type of blade, rake angle and
forward speed on fuel consumption for harvesting coleus using tractor drawn root crop

harvester are presented in Appendix-VII.

For a straight edge blade, a minimum fuel consumption of 3.8 | h'* was
obtained at a rake angle of 15 deg. and at the forward speed of 1.5 km h™. The
maximum fuel consumption of 4.97 | h't was recorded at 25 deg. rake angle and at 2.5
km h forward speed of operation. An average fuel consumption of 4.51 | h'* was
noticed for straight edge blade at the different combinations of rake angle and forward

speed of operation.

In case of V-type blade the average fuel consumption of 4.08 | h? was
observed which 10 per cent was less than the straight edge blade. The maximum fuel
consumption of 4.18 | h™ recorded at the rake angle of 25 deg. and forward speed of
2.5 km h, The minimum fuel consumption of 3.8 | h* was noticed at the rake angle
of 15 deg. and forward speed of 1.5 km h™,

For crescent blade, the average fuel consumption of 4.5 | h* was recorded
which was 16 per cent more than the V-type blade. This blade has got maximum fuel
consumption of 4.98 | h'! at the rake angle of 25 deg. and at the forward speed of 2.5
km h't whereas minimum fuel consumption of 4.20 | h™* was noticed at 15 deg. rake
angle and the forward speed of 2.0 km h™t. Among the different type of blades the less
fuel consumption of 3.80 | h* was noticed for V-type blade at the rake angle of 20
deg. and at the forward speed of 2.0 km h*, whereas maximum of 4.98 | h* was
noticed in crescent type blade at the rake angle of 25 deg. and at the forward speed of
25kmh?,

Analysis of variance on fuel consumption is presented in Table 4.5. The effect
due to operational parameters and its interactions on fuel consumption is also
presented. It is noticed that the effect of type of blade (B) and forward speed (S)
significantly influenced the fuel consumption at 5 per cent level of significance and
both variables individually influenced on the fuel consumption. The effect of forward

speed (S) individually on fuel consumption was significantly influenced at 1 per cent



level of significance. The interaction effect of (B x R) significantly influenced on the
fuel consumption at 5 per cent level of significance. The standard deviation and

coefficient of variation were found out as 0.088 and 2.01 per cent with a mean value

of 4.36.

From Fig.4.10 it was noticed that the increase in rake angle of the harvester

increased the fuel consumption of the tractor engine. The similar trend was obtained
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for all the combinations of types of blades and forward speed of tractor as shown in

Fig 4.11 and 4.12. Similar findings were reported by (Kawale et al.,2018) and

Gulsoylu et al. (2012).

Table 4.6. Analysis of variance on fuel consumption of tractor for coleus

Source of Sum of Mean F

. DF
variances Squares Square Value
Model 7.95 10 0.7954 103.16 **
Type of blades (B) 6.86 2 3.43 444,95 **
Rake angle (R) 0.8192 2 0.4096 53.12*
Forward speed (S)  0.0854 2 0.0427 5.54 *
BXR 0.1877 4 0.0469 6.09 *
Residual 0.5397 70 0.0077
Lack of Fit 0.0973 16 0.0061 0.74
Pure Error 0.4424 54 0.0082
Cor Total 8.49 80
Std. Dev. 0.087 R-Squared 0.93
Mean 4.36 Adj R-Squared 0.92
CV.% 2.01 Pred R-Squared 0.91
PRESS Adeq Precision 31.22

** Significance at 1 % level

* Significance at 5 % level
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Fig. 4.11 Fuel consumption for harvesting coleus at 2.0 km h
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Fig. 4.12 Fuel consumption for harvesting coleus at 2.5 km h!

4.8.5 Conveying efficiency and soil separation index for coleus

The effect of diameter of crank and spring tension on conveying efficiency and

soil separation index for coleus were carried out with the tractor drawn root crop
harvester and the results are presented in Appendix-X.

It was observed that the average conveying efficiency of 86.67 per cent was
obtained from different combinations of diameter of crank and spring tension. The

maximum conveying efficiency of 89.82 per cent was noticed for 80 mm diameter of
crank at 1600 N m™ spring tension. The least conveying efficiency of 79.10 per cent
was noticed for 40 mm diameter of crank at 800 N m™ spring tension. The conveying

efficiency was increased by 10 per cent when the spring tension was increased from
800 to 1600 N m™ (Fig.4.14).

Individual variables like crank diameter(C) and spring tension (T) on conveying
efficiency was significantly influenced at 1 per cent level of significance. The standard

deviation and coefficient of variation were found out as 1.32 and 1.52 per cent with a
mean value of 86.67. (Table 4.9)
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It was also seen that the average soil separation index was found out 78.53 per
cent from different spring tensions and diameter of crank. The maximum soil
separation index was noticed for 80 mm diameter of crank followed by 60 and 40 mm,
respectively. The increase in separating index by 10 per cent and 7.14 per cent was
found as the diameter of crank increased from 40-60 mm and 60-80 mm, respectively
(Fig.4.15).

The individual and combined effects of operational parameters on soil
separation index were analyzed statistically and are presented in Table 4.10. The
results showed that, the effect of diameter of crank (C) and spring tension (T)
significantly influenced the soil separation index at 5 per cent level of significance and
both variables individually influenced the soil separation index. The standard
deviation and coefficient of variation were found out as 1.45 and 1.84 per cent
respectively with a mean value of 78.53.Similar findings were reported by (Kawale et
al.,2018).

Table. 4.7 Analysis of variance on conveying efficiency for coleus

. Sum of Mean F

Source of variances DF
Squares Square Value

Model 153.30 4 38.33 22.00 **
Diameter of crank (A)  19.98 2 9.99 5.73 **
Spring tension (B) 133.33 2 66.66 38.26 **
Residual 38.33 22 1.74
Lack of Fit 1.92 4 0.479 0.23
Pure Error 36.41 18 2.02
Cor Total 191.63 26
Std. Dev. 1.32 R-Squared 0.80
Mean 86.67 Adj R-Squared 0.76
CV.% 1.52 Pred R-Squared 0.69
PRESS 57.73 Adeq Precision 12.10

** = Significance at 1 % *= Significance at 5 %
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Fig. 4.13 The conveying efficiency for coleus

Table. 4.8 Analysis of variance on soil separation index for coleus

. Sum of Mean F
Source of variances DF
Squares Square Value
Model 152.28 4 38.07 18.21**
Diameter of crank(A) 29.83 2 14.92 7.14**
Spring tension (B) 122.45 2 61.22 29.29 **
Residual 45.98 22 2.09
Lack of Fit 2.75 4 0.6865 0.28
Pure Error 43.24 18 2.40
Cor Total 198.26 26
Std. Dev. 1.45 R-Squared 0.76
Mean 78.53 Adj R-Squared 0.72
CV.% 1.84 Pred R-Squared 0.65
PRESS 69.26 Adeq Precision 11.70
** Significance at 1 % level *Significance at 5 % level
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Soil separation index (Per cent)

Fig. 4.14 The soil separation index for coleus
4.9 OPTIMIZATION FOR DIGGING UNIT FOR COLEUS

Numerical optimization technique was adopted to get optimum levels of
independent variables for the designed and tested models using “Design Expert
12.0.4” version software. Optimization constraints of experiments are presented in
Table 4.7 and best optimal solutions are presented in the Table 4.8.

4.9.1 Desirability index for digging unit

Desirability is simply a mathematical method to find the optimum levels for
satisfactorily functioning of any system. The factors such as type of blade, rake angle
and forward speed affected on the draft, digging efficiency, per cent damage and fuel
consumption of digging unit. Accordingly, optimized constraints are given in Table

4.7, from these values the best optimal solutions are found out and given in Table 4.8.

Best desirability index of 0.87 was obtained for the digging unit for
combinations of V-type blade, 20 deg. rake angle and 2.0 km h' as shown in Fig 4.13.
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Forward speed

Damage 086117
Fuel consumption 0.820674
Combined 0871134
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Fig.4.15 Desirability index for digging unit for coleus

Table 4.9 Numerical optimization constraints on digging unit

Lower Upper Lower Upper

Name Goal Limit Limit Weight  Weight  |mportance
.. Straight Crescent

Type of Blade is in range edge type  type 1 3

Rake angle isinrange 15 25 1 1 3

Forward speed isinrange 1.5 25 1 1 3

Draft minimize  1418.66 2009.52 1 1 3

Digging maximize 841596  99.891 1 1 3

efficiency

Damage minimize  0.59 55 1 1 3

Fuel minimize 3.8 4.98 1 1 3

consumption
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Table 4.10. Best optimal solutions of digging unit for harvesting coleus

SI. No. Variables Optimal Values
1 Tool geometry V — Type
2 Rake angle 20deg.
3 Forward speed 2.0 km ht

4.10 OPTIMIZATION OF SOIL SEPARATOR UNIT FOR HARVESTING
COLEUS

The soil separator unit was tested with different treatment combinations of
diameter of crank viz., 40, 60 and 80 mm and spring tension viz., 800, 1200 and 1600
N m? respectively. The operational parameters of the soil separator unit were
optimized based on the performance parameters of the soil separator unit such as soil
separation index and conveying efficiency.

Numerical optimization technique was adopted to get optimum levels of
independent variables for the designed and tested models using Design Expert 12.0.4
version. Optimization constraints of experiments are presented in Table 4.11 and two

best optimal solutions are presented in the Table 4.12.
4.10.1 Desirability index for soil separator unit

The highest desirability index of 0.887 was observed for the soil separator unit
at a spring tension 1600 N m™ with 80 mm diameter of crank as shown in Fig. 4.16.
Hence, this treatment combination of 80 mm diameter of crank and 1600 N m™ spring
tension was chosen as the optimum for further field performance evaluation of the

root crop harvester.
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Fig. 4.16 Desirability index of soil separator unit for coleus

Table 4.11 Optimization constraints of soil separator unit for coleus

Lower Upper Lower  Upper

Name Goal Limit Limit  Weight Weight  'mportance
Diameter of isinrange 4 8 1 1 3

crank

Spring tension isinrange 800 1600 1 1 3
Conveying maximize  79.1 90.7 1 1 3

efficiency

Soil separation - imize  71.10 8271 1 1 3

index

Table 4.12. Best optimal solutions of the soil separator unit for coleus

SI. No.  Variables Optimal Values
1 Tool geometry V —type
2 Diameter of crank 8cm

3 Spring tension 1600 N m*
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411 TESTING AND OPTIMIZATION OF THE DEVELOPED ROOT CROP
HARVESTER FOR GINGER

Similarly the tractor drawn root crop harvester was tested in field condition to
determine the optimum operational parameters for harvesting ginger. The parameters
selected for optimization include three types of blade viz., straight edge, V-type and
crescent, three rake angles viz., 15, 20, 25 deg. and three forward speeds viz., 1.5, 2.0
and 2.5 km h? respectively. The effects of operational parameters were studied to
evaluate the performance of root crop harvester in terms of draft, digging efficiency,

damage of tuber/rhizome and fuel consumption.
4.11.1 The draft requirement for ginger

The effect of type of blade, rake angle and forward speed on draft of root crop
harvester is presented in Appendix-VIII.

The minimum draft of 1374.31 N was obtained for straight edge blade at a
rake angle of 15 deg. when the harvester was operated at a forward speed of 1.5 km h-
!, The maximum draft of 2176.33 N was recorded at a forward speed of 2.5 km h* at
25 deg. rake angle. An average draft of 2017.28 N was observed for straight edge

blade at different combinations of rake angle and forward speed.

In case of V-type blade, average draft recorded was 1449.10 N which was
29.00 per cent lesser than the straight edge blade. The maximum draft of 2176.33 N
was recorded at the rake angle of 25 deg. and forward speed of 2.5 km h for the
crescent blade. An average draft of 2010.29 N was recorded which is 28 per cent more
than that of the V-type blade.

Analysis of variances on draft is presented in Table 4.13. The effect due to

operational parameters and its interactions on draft is also presented.

It also showed that both type of blade (B) rake angle (R) and forward speed (S)
had significant effect on draft at 5 per cent level of significance. The interaction effect
of (B x R)significantly influenced the draft at 5 per cent level of significance. The
standard deviation and coefficient of variation were found out as36.75 and 1.94 per

cent with a mean value of 1894.25 N.
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From the Fig. 4.17, it is obvious that, as the rake angle increased from 15 to 25
deg. the draft also increased for all the types of blades at the forward speed of 1.5 km
h™t. The minimum draft was noticed as compared to straight edge and crescent type
blades for V blade. A draft of 29 per cent less than the straight edge blade at the rake
angle of 15 deg. and forward speed of 1.5 km h™* was obtained for V-type blade.

Similar trend was noticed for both the forward speed of 2.0 and 2.5 kmh
(Fig. 4.18 and 4.19). This might be due to different regimes of soil failure, different
forces acting on the soil and also the tool geometry parameters. These results are in
accordance with the results of V-type blade when used in onion digger by (Khura et
al, 2011) and Similar findings were reported when inverted V-type blade used by
(Kawale et al.,2018)

Table.4.13 Analysis of variance on draft for harvesting ginger

Source of Sum of Mean F

: DF
variances Squares Square Value
Model 3589000 10 358900 265.72 **
Type of blades (B) 2924000 2 1462000 1082.55 **
Rake angle (R) 382300 2 191200 141.54 **
Forward speed (S) 257100 2 12612.40 9.34*
BXR 257100 4 64266.56 47.58**
Residual 94542.48 70 1350.61
Lack of Fit 14993.21 16 937.08 0.84
Pure Error 79549.27 54 1473.13
Cor Total 3683000 80
Std. Dev. 36.75 R-Squared 0.97
Mean 1894.25 Adj R-Squared 0.97
CV.% 1.94 Pred R-Squared 0.96
PRESS Adeq Precision 51.30

** Significance at 1 % level * Significance at 5 % level
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Fig. 4.17 The draft requirement for harvesting ginger at 1.5 km h!
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Fig.4.18 The draft requirement for harvesting ginger at 2.0 km h!
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Fig. 4.19 The draft requirement for harvesting ginger at 2.5 km h!
4.11.2 Digging efficiency for harvesting ginger

The effects due to the type of blade, rake angle and forward speed on digging

efficiency of harvesting ginger due to the root crop harvester are presented in
Appendix-VIII.

A maximum digging efficiency of 89.59 per cent was observed at the rake
angle of 25 deg. and forward speed at 2.5 km h* for straight edge blade. Whereas a
minimum of 80.40 per cent was observed at the rake angle 15 deg. and at forward
speed of 1.5 km h™t. An average digging efficiency of 85.58 per cent was observed for

straight edge blade at the different combinations of rake angle and forward speed.

In case of V- type blade, the average digging efficiency was observed as 98.23
per cent which was 13.78 per cent higher than the straight edge blade. The maximum
digging efficiency of 99.57 per cent was observed at a rake angle of 20 deg. and at
forward speed of 2.0 km h. A digging efficiency of 80.40.70 per cent was observed
as minimum at 15 deg. rake angle and at 1.5 km h™* forward speed.
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Maximum digging efficiency of 90.25 per cent was observed in crescent blade
at 25 deg. rake angle and at 2.50 km h' forward speed of operation. Minimum of
83.86 per cent obtained at 15 deg. rake angle and at 1.5 km h™. The mean value of
89.12 per cent was recorded in crescent blade which was10.0 per cent less than the V-

type blade.

Analysis of variance on digging efficiency is presented in Table 4.14. The
effects due to operational parameters and its interactions on digging efficiency are also
presented.

Among three different type of blades tested, the maximum digging efficiency
of 99.57 per cent was noticed in V-type blade at the forward speed of 2.0 km h! and at
20 deg. rake angle (Fig. 4.20). Minimum digging efficiency of 80.40 per cent was
observed in straight edge blade at the forward speed of 1.5 km h' and rake angle of 15
deg.

Noticed that the main effects of each factor type of blade (B), rake angle (R)
and forward speed (s) were significant at 5 per cent level of significance on digging
efficiency. The standard deviation and coefficient of variation were found out as 1.78

and 1.99 per cent with a mean value of 89.63.

Also observed that as the rake angle increased from 15 to 25 deg. digging
efficiency for all the types of blades and for all the forward speed of operation was
found to increase. Similar trends were observed for both the forward speed 2.0 and 2.5
km h? (Fig.4.21 and 4.22).

It was also seen that the digging efficiency increased as rake angle increased
from 15 to 20 deg. the decreased in digging efficiency with increase in 20 to 25 rake
angle. The digging efficiency was maximum at the rake angle of 20 deg. for all the
combinations of variables. Increase in rake angle of V-type blade from 15 to 20
deg.for forward speed of 2.0 km h resulted an increase in digging efficiency of 10.0

per cent but showed a decreasing trend when rake angle changed from 20 to 25 deg.

The lower digging efficiency at lower rake angle and lower forward speed
might be due to insufficient depth of cut, hence resulted in reduced digging efficiency.

For increased rake angle of 25 deg. and at higher forward speed of 2.5 km h?, the
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digging efficiency was found decreased. It may be due to higher soil disturbance and
lesser blade penetration. At optimum rake angle of 20 deg. and forward speed of 2.0
km h! higher digging efficiency was obtained. This might be due to optimum depth of
cut and hence the good tilth. Similar findings were obtained on harvesting root crops
by inverted V blade with maximum tuber recovery and minimum damage (Vatsa et

al., 1993) and ginger harvester cum elevator (Kawale et al., 2018).

Table. 4.14. Analysis of variance on digging efficiency of ginger

Source of Sum of Mean F

: DF
variances Squares Square Value
Model 2580.23 6 430.04 133.46 **
Type of blades (B) 2300.52 2 1150.26 356.97 **
Rake angle (R) 199.48 2 99.74 30.95 **
Forward speed (S)  80.23 2 40.12 12.45 **
Residual 238.45 74 3.22
Lack of Fit 31.09 20 1.55 0.40
Pure Error 207.36 54 3.84
Cor Total 2818.68 80
Std. Dev. 1.78 R-Squared 0.91
Mean 89.65 Adj R-Squared 0.90
CV.% 1.99 Pred R-Squared 0.89
PRESS Adeq Precision 34.68

** Significance at 1 % level * Significance at 5 % level
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Fig. 4.20 Digging efficiency for harvesting ginger at 1.5 km h!
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Fig. 4.21 Digging efficiency for harvesting ginger at 2.0 km h!
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Fig. 4.22 Digging efficiency for harvesting ginger at 2.5 km h!

4.11.3 Per cent damage of ginger

The effects due to the type of blade, rake angle and forward speed on damage

of ginger of root crop harvester recorded and analysis of variance is presented in
Appendix-VIII, respectively.

For a straight edge type blade, a minimum damage of rhizome of 3.90 per cent
was recorded at rake angle 20 deg. and at 2.0 km h! forward speed. The maximum per
cent damage of 5.48 was observed at rake angle 15 deg. at forward speed 1.5 km h™,

A mean value of 5.17 per cent of damage was recorded for straight edge blade at the
different combinations of rake angle and forward speed.

In case of V- type blade, the average damage was observed as 1.80 per cent
which was 2 per cent less than the straight edge blade. The maximum per cent of
damage of 3.10 per cent was observed at 15 deg. rake angle and at 1.5 km h™ speed of
operation where as minimum of 0.73 per cent of damage was obtained at 20 deg. rake
angle and at 2.0 km h'speed of operation for V-type blade. In case of crescent blade,
an average per cent damage of 3.60 was obtained in different combination of rake

angle and speed of operations which was 30.00 per cent more than the V-type blade.
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The maximum per cent damage of 5.46 per cent was noticed at a rake angle of 15 deg.

and at 1.5 km h™! speed of operation.

Analysis of variance on per cent damage of rhizome is presented in Table 4.15.
The effect due to operational parameters and its interactions on per cent damage of
rhizome is also presented. It is noticed that the effect due to type of blade (B), rake
angle (R) and forward speed (S) significantly influenced individually on the damage
of rhizome at 5 per cent level of significance. The interaction effects of (B x R) and (B
x S) significantly influenced the damage of rhizome at 1 per cent level of significance.
The standard deviation and coefficient of variation were found out as 0.21 and 6.30
per cent with a mean value of 3.47. It was observed that the increase in rake angle
from 15 to 20 deg. decreased per cent damage of rhizome. Further increase in rake
angle from 20 to 25 deg. resulted in a slight reduction in damage of rhizome. The

similar trend was obtained in all the combinations of variables.

The least damage to rhizome of 0.86 per cent was observed in V-type blade at
rake angle of 20 deg. and forward speed of 2.0 km ht. A highest damage of rhizome
of 5.22 per cent was obtained in crescent blade at 15 deg. rake angle and at forward
speed of 1.5 km hL. It was also observed that as the rake angle increased the per cent

damage to the rhizome decreased (Fig.4.23).

Similar trend was observed for all the combinations for the forward speed of
2.0 km ht and 2.5 km h' (Fig. 4.24 and Fig. 4.25). The higher damage of rhizome at
lower rake angle might be due to the reduced penetration. Hence more damage of
rhizome observed. Again the forward speed also had considerable effect on percentage
damage of rhizome. At an optimum speed of 2.0 km h™%, there was sufficient depth of
cut and optimum soil loosening effect, hence less damage of rhizome was observed.
Further increase in forward speed up to 2.5 km ht resulted in higher rhizome damage.
This might be due to reduced blade penetration and higher soil disturbance, which in
turns resulted in increased damage. Similar findings were reported by Kawale et al.,
(2018) who reported that the use of inverted V-type blade resulted minimum damage

in ginger.
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Table.4.15 Analysis of variance on per cent damage of ginger

Source of Sum of Mean F
: DF

variances Squares Square Value
Model 183.00 14 13.07 273.24 **
Type of blades (B)  136.56 2 68.28 1427.32**
Rake angle (R) 27.08 2 13.54 282.99**
Forward speed (S)  8.49 2 4.25 88.75*
BXR 7.02 4 1.76 36.70**
B XS 3.85 4 0.9630 20.13**
Residual 3.16 66 0.0478
Lack of Fit 2.90 12 0.2416 50.46
Pure Error 0.2585 54 0.0048
Cor Total 186.16 80

Std. Dev. 0.21 R-Squared 0.98

Mean 3.47 Adj R-Squared 0.97

CV.% 6.30 Pred R-Squared 0.97

PRESS Adeq Precision 53.68

** Significance at 1 % level  * Significance at 5 % level
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Fig. 4.23 Per cent damage of ginger at 1.5 km h!
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Fig. 4.25 Per cent damage of ginger at 2.5 km h!
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4.11.4 Fuel consumption for harvesting ginger

The effects of operational parameters viz., type of blade, rake angle and
forward speed on fuel consumption for harvesting ginger using tractor drawn root crop

harvester were presented in Appendix-VIII.

For a straight edge blade, a minimum fuel consumption of 3.74 | h™' was
obtained at a rake angle of 15 deg. and at the forward speed of 1.5 km h™. The
maximum fuel consumption of 5.19 | h'*was recorded at 25 deg. rake angle and at 2.5
km h forward speed of operation. An average fuel consumption of 4.99 | h'! was
noticed for straight edge blade at the different combinations of rake angle and forward

speed of operation.

In case of V-type blade the average fuel consumption of 4.011 h'! was observed
which 20.64 per cent was less than the straight edge blade. The maximum fuel
consumption of4.19 | h'* was at the rake angle of 20 deg. and forward speed of 2.5 km
h™. The minimum fuel consumption of 3.90 | h* was noticed at the rake angle of 15
deg. and forward speed of 2.0 km h2.

For crescent blade, the average fuel consumption of 4.39 | h't was recorded
which was 9 per cent more than the V-type blade. This blade has got maximum fuel
consumption of4.57 | h'! at the rake angle of 25 deg. and at the forward speed of 2.5
km h™* where as minimum fuel consumption of 4.15 | h"* was noticed at 15 deg. rake
angle and the forward speed of 1.5 km h™t. Among the different type of blades the less
fuel consumption of4.01 | h'* was noticed for V- type blade at the rake angle of 15
deg. and at the forward speed of 2.0 km h?, whereas maximum of 5.19 | h* was
noticed in straight edge blade at the rake angle of 25 deg. and at the forward speed of
25kmh?,

Analysis of variances on fuel consumption is presented in Table 4.16. The
effect due to operational parameters and its interactions on fuel consumption is also
presented. It is noticed that effect due to type of blade (B) and forward speed (S)
significantly influenced the fuel consumption at 5 per cent level of significance and

both variables individually influenced on the fuel consumption. The effect of forward
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speed (S) individually on fuel consumption was significantly influenced at 1 per cent

level of significance.

The interaction effects of (B x R) significantly influenced on the fuel
consumption at 5 per cent level of significance. The standard deviation and coefficient

of variation were found out as0.085 and 1.95 per cent with a mean value of 4.40.

From Fig.4.26 it was noticed that the increase in rake angle of the harvester
increased the fuel consumption of the tractor. The similar trend was obtained for all
the combinations of types of blades and forward speed of tractor as shown in Fig 4.27
and 4.28. Similar findings were reported by Gulsoylu et al. (2012).

Table.4.16 Analysis of variance on fuel consumption of tractor for ginger

Source of Sum of Mean F

: DF
variances Squares Square Value
Model 9.69 10 0.9690 131.73**
Type of blades (B) 8.24 2 4.12 560.00**
Rake angle (R) 1.02 2 0.5087 69.16**
Forward speed (S) 0.1347 2 0.0673 9.16 *
BXR 0.2990 4 0.0747 10.16**
Residual 0.5149 70 0.0074
Lack of Fit 0.1311 16 0.0082 1.15
Pure Error 0.3838 54 0.0071
Cor Total 10.20 80
Std. Dev. 0.085 R-Squared 0.94
Mean 4.40 Adj R-Squared 0.94
CV.% 1.95 Pred R-Squared 0.93
PRESS Adeq Precision 35.40

** Significance at 1 % level * Significance at 5 % level
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Fig. 4.28 Fuel consumption for harvesting ginger at 2.5 km h-!
4.11.5 Conveying efficiency and soil separation index for ginger

The effect of diameter of crank and spring tension on conveying efficiency and

soil separation index for ginger were carried out with the tractor drawn root crop
harvester. Results are presented in Appendix- XI.

It was observed that the average conveying efficiency of 83.69 per cent
obtained from different combinations of diameter of crank and spring tension. The
maximum conveying efficiency of 87.07 per cent was noticed for 80 mm diameter of
crank at 1600 N m™ spring tension. The least conveying efficiency of 75.95 per cent
was noticed for 40 mm diameter of crank at 800 N m™ spring tension. The conveying
efficiency was increased by 13.88 per cent when the spring tension increased from
800 to 1600 N m (Fig 4.30). The standard deviation and coefficient of variation were
found out as1.35 and 1.62 per cent with a mean value of 83.69.

From Table 4.17, the individual variables like crank diameter (C) and spring
tension (T) on conveying efficiency was significantly influenced at 1 per cent level of

significance. It is seen that the average soil separation index was found out as 68.66 per
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cent from different spring tensions and diameter of crank. The maximum soil
separation index was noticed for 80 mm diameter of crank followed by 60 mm and 40
mm respectively. The increase in separating index by 10.29 per cent was observed as
the diameter of crank increased from 40 to 80 mm, and 800 to 1600 N m™* (Fig 4.31).
The standard deviation and coefficient of variation were found out as 1.33 and 1.94 per

cent with a mean value of 68.66 per cent.

The individual and combined effects of operational parameters on soil
separation index were analyzed statistically and is presented in Table 4.18. The table
showed that, the effect of diameter of crank (C) and spring tension (T) significantly
influenced the soil separation index at 5 per cent level of significance and both
variables individually influenced the soil separation index. Similar results reported for

ginger and turmeric rhizomes by Wajire et al. (2018).

Table.4.17 Analysis of variance on conveying efficiency in ginger

Source Sum of DE Mean F
Squares Square Value

Model 156.84 4 39.21 18.21**

Diameter of crank (A) 20.85 2 10.43 7.14%*

Spring tension (B) 135.98 2 67.99 29.29 **

Residual 40.28 22 1.83

Lack of Fit 1.97 4 0.49 0.23

Pure Error 38.30 18 2.13

Cor Total 197.11 26

Std. Dev. 1.35 R-Squared 0.79

Mean 83.69 Adj R-Squared 0.75

CV.% 1.62 Pred R-Squared 0.69

PRESS 60.6 Adeq Precision 12.03

** Significance at 1 % level * Significance at 5 % level
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Fig.4.29 The conveying efficiency for ginger

Table.4.18 Analysis of variance on soil separation index in ginger

Source Sum of DF Mean F
Squares Square Value

Model 152.28 4 38.07 21.44 **

Diameter of crank(A) 29.83 2 14.92 8.40 **

Spring tension (B) 122.45 2 61.22 34.48**

Residual 39.07 22 1.78

Lack of Fit 2.75 4 0.68 0.34

Pure Error 36.32 18 2.02

Cor Total 191.34 26

Std. Dev. 1.33 R-Squared 0.79

Mean 68.66 Adj R-Squared 0.75

CV.% 1.94 Pred R-Squared 0.69

PRESS 58.84 Adeq Precision 12.76

** Significance at 1 % level * Significance at 5 % level
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Fig.4.30 The soil separation index for ginger

4.12 OPTIMIZATION FOR DIGGING UNIT FOR GINGER

Numerical optimization technique was adopted to get optimum levels of
independent variables for the designed and tested models using Design Expert 12.0.4
version software. Optimization constraints of experiments are presented in Table 4.17
and best optimal solutions were presented in the Table 4.18.

4.12.1Desirability index for digging unit

The highest desirability index of 0.84 was observed at a forward speed of 2.0
km ht with 20 deg. rake angle for V-type blade (Fig 4.29). Hence, this treatment

combination of 2.0 km h, 20 deg. and V-type blade was selected as the optimum for
further evaluation of soil separator unit.
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Fig 4.31 Desirability index for optimized digging unit for ginger

Table 4.19 Numerical optimization constraints on digging unit of ginger

Lower  Upper Lower Upper

N I . . . . I
ame Goa Limit Limit Weight  Weight mportance
Type of blade is in range Straight - Crescent 1 3
edge type
Rake angle isinrange 15 25 1 1 3
Forward speed isinrange 1.5 2.5 1 1 3
Draft minimize  1374.31 2176.33 1 1 3
Digging efficiency maximize  80.40 100.57 1 1 3
Per cent of Damage  minimize  0.85 6.1 1 1 3
Fuel consumption minimize  3.74 5.19 1 1 3

Table 4.20. Best optimal solutions of digging unit for harvesting ginger

SI. No. Variables Optimal Values
1 Tool geometry V - Type

2 Rake angle 20deg.

3 Forward speed 2.0km ht
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4.13. OPTIMIZATION FOR SOIL SEPARATOR UNIT

The soil separator unit of the root crop harvester was evaluated based on the
optimized parameters obtained for digging unit. Further the soil separator unit was
tested with different treatment combinations diameter of crank viz., 40, 60 and 80 mm)
and spring tension viz., 800, 1200 and 1600 N m™. The operational parameters of the
soil separator unit were optimized based on the performance parameters of the soil
separator unit such as soil separation index and conveying efficiency.

Numerical optimization technique was adopted to get optimum levels of
independent variables for the designed and tested models using ‘Design Expert 12.0.4°
version software. Optimization constraints of experiments are presented in Table 4.21

and best optimal solutions were presented in the Table 4.22.
4.13.1 Desirability index for soil separator unit

The highest desirability index of 0.881 was observed at a spring tension 1600
N m™ with 8 cm diameter of crank (Fig 4.32). Hence, this treatment combination of 8
cm diameter of crank and 1600 N m spring tension was chosen as the optimum for
further field performance evaluation of root crop harvester.

Desirability

Diameter of crank _] 1
Conveying efficiencyq_ 002075
Soil separation index ~_ 08616

Fig 4.32 Desirability index of soil separator unit for ginger
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Table 4.21 Optimization constraints for soil separator unit for ginger

Lower Upper Lower  Upper

Name Goal Limit  Limit Weight Weight 'mPortance
Diameter of isin g 1 1 3
crank range
. . isin
Spring tension 800 1600 1 1 3
range
conveying — ximize 7595 8755 1 1 3
efficiency
Soil separation - imize 6160 7321 1 1 3
index

Table4.22. Best optimal solutions of soil separator unit for harvesting ginger

SI. No. Variables Optimal Values
1 Tool geometry V —type

2 Diameter of crank 8cm

3 Spring tension 1600 N m*

414 TESTING AND OPTIMIZATION OF THE DEVELOPED ROOT CROP
HARVESTER FOR TURMERIC

Similarly the tractor drawn root crop harvester was tested in field condition to
determine the optimum operational parameters for harvesting turmeric. The
parameters selected for optimization include three types of blade viz., straight edge, V-
type and crescent, three rake angles viz., 15, 20, 25 deg. and three forward speeds viz.,
1.5, 2.0 and 2.5 km h! respectively. The effect of operational parameters was studied
to evaluate the performance of root crop harvester in terms of draft, digging

efficiency, damage of rhizome and fuel consumption.
4.14.1 The draft requirement for turmeric

The effect of type of blade, rake angle and forward speed on draft of root crop

harvester are presented in Appendix-I1X.

The minimum draft of 1390.06 N was obtained for straight edge type blade at
a rake angle of 15 deg. when the harvester was operated at a forward speed of 1.5 km

h™. The maximum draft of 2192.08 N was recorded for a forward speed of 1.5 km h-
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and 25 deg. rake angle. An average draft of 2103.37 N was observed for straight edge

blade at different combinations of rake angle and forward speed.

In case of V- type blade, an average draft was recorded to be 1646.01 N which
was 24.25 per cent lesser than the straight edge blade. The maximum draft of 1883.87
N was recorded at the rake angle of 25 deg. and forward speed of 2.5 km h™. For
crescent type of blade, the maximum draft of 2106.08 N was recorded at the rake
angle of 20 deg. and forward speed of 2.0 km h™. An average draft of 2026 N was

recorded which is 19 per cent more than the V-type blade.

Analysis of variances on draft is presented in Table 4.23. The effect due to

operational parameters and its interactions on draft is also presented.

It is noticed that type of blade (B), rake angle (R) and forward speed (S) had
significant effect on draft at 5 per cent level of significance. The interaction effects of
(B x R) are significantly influenced the draft at 5 per cent level of significance. The
standard deviation and coefficient of variation were found out as36.75 and 1.92 per

cent with a mean value of 1910.00 N.

From the Fig. 4.33, it is obvious that, as the rake angle increased from 15 to 25
deg. the draft also increased for all the types of blades at the forward speed of 1.5 km
h1. The minimum draft was noticed for V-type blade as compared to straight edge and
crescent type blades. A draft of 22.80 per cent less than the straight edge blade at the
rake angle of 15 deg. and forward speed of 1.5 km h was obtained for V-type blade.

Similar trend was noticed for both the forward speed of 2.0 and 2.5 km ht
(Fig. 4.34 and 4.35). It may be due to different regimes of soil failure, different forces

acting on the soil and also the blade geometry parameters.

These results are in accordance with the results of V-type blade when used in
onion digger by (Khuraet al, 2011) and results of root crop harvester for turmeric and
ginger by (Wajire et al., 2018).
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Table. 4.23 Analysis of variance on draft for harvesting turmeric

Source of Sum of Mean F

: DF
variances Squares Square Value
Model 3589000 10 358900 265.72 **
Type of blades (B) 2924000 2 1462000 1082.55 **
Rake angle (R) 382300 2 191200 141.54 **
Forward speed (S) 257100 2 12612.40 9.34 *
BXR 257100 4 64266.56 47.58**
Residual 94542.48 70 1350.61
Lack of Fit 14993.21 16 937.08 0.84
Pure Error 79549.27 54 1473.13
Cor Total 3683000 80
Std. Dev. 36.75 R-Squared 0.97
Mean 1910.0 Adj R-Squared 0.97
CV.% 1.92 Pred R-Squared 0.96
PRESS Adeq Precision 51.30

** Significance at 1 % level * Significance at 5 % level
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Fig. 4.33 Draft requirement for harvesting turmeric at 1.5 km h!
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Fig.4.35 Draft requirement for harvesting turmeric at 2.5 km h!



136

4.14.2 Digging efficiency for harvesting turmeric

The effects due to type of blade, rake angle and forward speed on digging
efficiency of harvesting turmeric due to the root crop harvester are presented in

Appendix-IX.

A maximum digging efficiency of 88.66 per cent was observed at the rake
angle of 25 deg. and forward speed at 2.5 km h! for straight edge blade. Whereas a
minimum of 82.18 per cent was observed in rake angle 15 deg. at forward speed of 1.5
kmh. An average digging efficiency of 86.33 per cent was observed for straight edge

blade at the different combinations of rake angle and forward speed.

Average digging efficiency was observed as 99.14 per cent which was 14.67
per cent higher than the straight edge blade for V- type blade. The maximum digging
efficiency of 99.60 per cent was observed at a rake angle of 25 deg. and at forward
speed of 2.0 km h™. A minimum digging efficiency of 93.16 per cent was observed at
15 deg. rake angle and at 1.5 km h* forward speed.

Maximum digging efficiency of 91.25 per cent was observed in crescent blade
at 25 deg. rake angle and at 2.5 km h'* forward speed of operation. Whereas minimum
of 82.15 per cent obtained at 15 deg. rake angle and at 1.5 km h™t. The mean value of
88.63 per cent was recorded in crescent blade which was 12.0 per cent less than the V-

type blade.

Analysis of variance on digging efficiency is presented in Table 4.24. The
effects due to operational parameters and its interactions on digging efficiency are also
presented. It was also observed that among the different type of blade the maximum
digging efficiency of 99.60 per cent was noticed in V-type blade at the forward speed
of 2.0 km h and at 20 deg. rake angle (Table 4.24 and Fig. 4.36). Minimum digging
efficiency of 82.18 per cent was observed in straight edge blade at the forward speed
of 1.5 km h'! and rake angle of 15 deg.

From Table 4.24, it was observed that the main effects of each factor type of

blade (B), rake angle (R) and forward speed (s) were significant at 5 per cent level of
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significance on digging efficiency. The standard deviation and coefficient of variation

were found out as1.79 and 1.97 per cent with a mean value of 90.78.

Also observed that as the rake angle increased from 15 to 25 deg. digging
efficiency for all the types of blades and for all the forward speed of operation was
found to be increased (Fig.4.30). Similar trends were observed for both the forward
speed 2.0 and 2.5 km h* (Fig.4.37 and 4.38).

It was also seen that the digging efficiency increased as rake angle increased
from 15 to 20 deg. but decreased with increase in rake angle. The digging efficiency
was maximum at the rake angle of 20 deg. for all the combinations of variables.
Increase in rake angle of V-type blade from 15 to 20 deg. for forward speed of 2.0 km
h! resulted in an increase digging efficiency of 9.4 per cent but showed a decreasing
trend when rake angle changed from 20 to 25 deg.

The lower digging efficiency at lower rake angle and lower forward speed
might be due to insufficient depth of cut, hence resulted in reduced digging efficiency.
For increased rake angle of 25 deg. and at higher forward speed of 2.5 km h’, the
digging efficiency was found decreased. It may be due to higher soil disturbance and
lesser blade penetration. At optimum rake angle of 20 deg. and forward speed of 2.0
km ht higher digging efficiency was obtained. This might be due to optimum depth of
cut and hence the good tilth. Similar findings were obtained on harvesting root crops
by inverted V blade with maximum tuber recovery and minimum damage (Vatsa et

al., 1993) and for ginger harvester cum elevator by (Kawale et al.,2018).
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Table.4.24 Analysis of variance on digging efficiency for turmeric

Source of Sum of Mean F
. DF

variances Squares Square Value
Model 2370.28 6 395.05 123.68 **
Type of blades (B) 2131.44 2 1065.72 333.65 **
Rake angle (R) 173.35 2 86.67 27.13 **
Forward speed (S) 65.49 2 32.75 10.25 **
Residual 236.37 74 3.19

Lack of Fit 34.39 20 1.72 0.45

Pure Error 201.98 94 3.74

Cor Total 2606.64 80
Std. Dev. 1.79 R-Squared 0.90

Mean 90.78 Adj R-Squared 0.90
CV.% 1.97 Pred R-Squared 0.89
PRESS Adeq Precision 33.28

** Significance at 1 % level * Significance at 5 % level
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Fig. 4.36 Digging efficiency for harvesting turmeric at 1.5 km h!
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Fig. 4.37 Digging efficiency for harvesting turmeric at 2.0 km h!
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Fig.4.38 Digging efficiency for harvesting turmeric at 2.5 km h!
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4.14.3 Per cent damage of turmeric

The effects of type of blade, rake angle and forward speed on per cent
damage of turmeric due to the root crop harvester were recorded and is presented in
Appendix-IX.

For a straight edge blade, a minimum damage rhizome of 4.5 per cent was
recorded at rake angle 20 deg. and at 2.0 km h™ forward speed. The maximum per cent
damage of 6.8 was observed at rake angle 15 deg. and forward speed 1.5 km h of
operation. A mean value of 4.7 per cent of damage was recorded for straight edge

blade at the different combinations of rake angle and forward speed.

In case of V-type blade, the average damage was observed as 2.09 per cent
which was 2.70 per cent less than the straight edge blade. The maximum per cent of
damage of 4.35 was observed at 15 deg. rake angle and at 1.5 km h speed of
operation where as minimum of 0.74 per cent of damage was obtained at 20 deg. rake
angle and at 2.0 km h speed of operation for V-type blade. An average per cent
damage of 6.77for crescent blade was obtained in different combination of rake angle
and speed of operations which was 70 per cent more than the V-type blade. The
maximum per cent damage of 7.3 per cent was noticed at a rake angle of 15 deg. and

at 1.5 km h™! speed of operation.

Analysis of variance on per cent damage of rhizome is presented in Table 4.25.
The effect due to operational parameters and its interactions on per cent damage of
rhizome is also presented. It is noticed that the effect due to type of blade (B) rake
angle (R) and forward speed (S) significantly influenced individually on the damage

of rhizome at 5per cent level of significance.

The interaction effects of (B x R) and (B x S)significantly influenced the
damage of rhizome at 1 per cent level of significance. The standard deviation and
coefficient of variation were found out as 0.26 and 5.74 per cent with a mean value of

4.61 per cent.

It was observed that as the rake angle increased from 15 to 20 deg. the per cent
damage of rhizome was found decreased. Further increase in rake angle from 20 to 25
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deg. there was a slight reduction in damage of rhizome. The similar trend was
obtained in all the combinations of variables. The least damage to rhizome of 0.74 per
cent was observed in V-type blade at rake angle of 20 deg. and forward speed of 2.0
km h1. A highest damage of rhizome of 7.3 per cent was obtained in crescent blade at
15 deg. rake angle and at forward speed of 1.5 km h™L. It was also observed that as the

rake angle increased the per cent damage to the rhizome decreased (Fig.4.39).

Similar trend was observed for all the combinations for the forward speed of
2.0 km h't and 2.5 km h* (Fig. 4.40 and Fig. 4.41). The higher damage of rhizome at
lower rake angle might be due to the reduced penetration. Hence more damage of
rhizome was observed. Again the forward speed also had considerable effect on
percentage damage of rhizome. At optimum speed of 2.0 km h%, there was sufficient
depth of cut and optimum soil loosening effect, hence less damage of rhizome was
found. Further increase in forward speed of 2.5 km h resulted in higher rhizome
damage. This might be due to reduced blade penetration and higher soil disturbance,
which in turn in increased damage. Similar findings were reported by Vatsa et al.,
(1993) who reported that the use of inverted V-type blade resulted minimum damage
in potato and reported for turmeric and ginger by Wajire et al. (2018).

Table. 4.25 Analysis of variance on per cent of damage of turmeric

Source Sum of Squares DF Mean Square F Value
Model 212.94 14 15.21 217.41 **
Type of blades (B) 155.15 2 77.57 1108.84 **
Rake angle (R) 31.78 2 15.89 227.11 **
Forward speed (S) 13.61 2 6.81 97.28 **
BXR 5.00 4 1.25 17.87**
BXS 7.41 4 1.85 26.47 **
Residual 4.62 66 0.0700

Lack of Fit 3.31 12 0.2757 11.37
Pure Error 1.31 54 0.0242

Cor Total 217.56 80

Std. Dev. 0.26 R-Squared 0.97

Mean 4.61 Adj R-Squared 0.97

CV.% 5.74 Pred R-Squared 0.96

PRESS Adeq Precision 50.63

** Significance at 1 % level * Significance at 5 % level
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Fig. 4.39 Per cent damage of turmeric at 1.5 km h!
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4.14.4 Fuel consumption for harvesting turmeric

The effects of operational parameters viz., type of blade, rake angle and
forward speed on fuel consumption for harvesting turmeric using tractor drawn root

crop harvester is presented in Appendix-IX.

For a straight edge blade, a minimum fuel consumption of 4.5 | h! was
obtained at a rake angle of 15 deg. and at the forward speed of 1.5 km h. The
maximum fuel consumption of 5.01 | h''was recorded at 25 deg. rake angle and at 2.5
km h forward speed of operation. An average fuel consumption of 4.86 | h't was
noticed for straight edge blade at the different combinations of rake angle and forward

speed of operation.

In case of V-type blade the average fuel consumption of 4.09 | h was
observed which was 16.85 per cent less than the straight edge blade. The maximum
fuel consumption of 4.45 | h't at the rake angle of 25 deg. and forward speed of 2.5
km h. The minimum fuel consumption of 4.0 | h* was noticed at the rake angle of 15
deg. and forward speed of 1.5 km h2.
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For crescent blade, the average fuel consumption of 5.08 | h'* was recorded
which was 10.00 per cent more than the V-type blade. This blade has got maximum
fuel consumption of 5.57 I h'! at the rake angle of 25 deg. and at the forward speed of
2.5 km ht where as minimum fuel consumption of 5.07 | h! was noticed at 15 deg.
rake angle and the forward speed of 2.0 km h™t. Among the different type of blades the
less fuel consumption of 4.0 | h'* was noticed for V-type blade at the rake angle of 20
deg. and at the forward speed of 2.0 km h™, whereas maximum of 5.57 | h' was
noticed in crescent type blade at the rake angle of 25 deg. and at the forward speed of
25kmh?,

Analysis of variances on digging efficiency is presented in Table 4.26. The
effect due to operational parameters and its interactions on digging efficiency is also

presented.

The table showed that, the effect of type of blade (B) and forward speed (S)
significantly influenced the fuel consumption at 5 per cent level of significance and
both variables individually influenced on the fuel consumption. The effect of forward
speed (S) individually on fuel consumption was significantly influenced at 1 per cent

level of significance.

Interaction effects of (B x R) significantly influenced fuel consumption at 5
per cent level of significance. The standard deviation and coefficient of variation were

found out as 0.089 and 2.07 per cent with a mean value of 4.471 h.

From Fig.4.2 it was noticed that the increase in rake angle of the harvester
increased the fuel consumption of the tractor. The similar trend was obtained for all
the combinations of types of blades and forward speed of tractor as shown in Fig 4.43
and 4.44. Similar findings were reported by Gulsoylu et al. (2012).
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Table. 4.26 Analysis of variance on fuel consumption for harvesting turmeric

. Sum of Mean F

Source of variances DF

Squares Square Value
Model 9.69 10 0.9693 120.88 **
Type of blades (B) 8.24 2 4.12 513.64 **
Rake angle (R) 1.02 2 0.5105 63.66 **
Forward speed (S) 0.1363 2 0.0682 8.50 *
BXR 0.2984 4 0.0746 9.30 **
Residual 0.5613 70 0.0080
Lack of Fit 0.1309 16 0.0082 1.03
Pure Error 0.4304 54 0.0080
Cor Total 10.25 80
Std. Dev. 0.089 R-Squared 0.94
Mean 4.47 Adj R-Squared 0.93
CV.% 2.01 Pred R-Squared 0.92
PRESS Adeq Precision 33.92

** Significance at 1 % level * Significance at 5 % level
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Fig. 4.42 Fuel consumption for harvesting turmeric at 1.5 km h!



146

5.5
—
£
=]
=
B
&
£
El
7]
=3
g
N 45
©
S
o
Crescent type

ot
&
A\ $
Straight type 15

Fig. 4.43 Fuel consumption for harvesting turmeric at 2.0 km h*

5.5

45

Fuel consumption (L)

Crescent type

d
N\
op i
6/‘7 & Straight type 15 g’t\\;b

Fig. 4.44 Fuel consumption for harvesting turmeric at 2.5 km h!
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4.14.5 Conveying efficiency and soil separation index for turmeric

The effect of diameter of crank and spring tension on conveying efficiency for
turmeric were carried out with the tractor drawn root crop harvester and the results are

presented in Appendix- XII.

It was observed that the average conveying efficiency of 84.64 per cent
obtained from different combinations of diameter of crank and spring tension. The
maximum conveying efficiency of 89.71 per cent was noticed for 80 mm diameter of
crank at 1600 N m™ spring tension. The least conveying efficiency of 76.99 per cent
was noticed for 40 mm diameter of crank at 800 N m spring tension. The increase of
conveying efficiency by 15.20 per cent was found as the crank diameter and spring
tension increased from 40 to 80 mm and 800 to 1600 N m respectively (Fig. 4.46).

From Table 4.29, the individual variables like diameter of crank (C) and spring
tension (T) on conveying efficiency was significantly influenced at 5 per cent level of
significance. The standard deviation and coefficient of variation were found out as 1.43

and 1.69 per cent with a mean value of 84.64 per cent.

It was also seen that the average soil separation index was found out 63.86 per
cent from different spring tensions and diameter of crank. The maximum soil
separation index was noticed at 80 mm diameter of crank followed by 60 and 40 mm
respectively. The increase in separating index by 15 per cent was found as the
diameter of crank increased from 40-80 mm and 800-1600 N m™ respectively (Fig.
4.47).

The individual and combined effects of operational parameters on soil
separation index were analyzed statistically and is presented in Table 4.30. The results
showed that, the effect of diameter of crank (C) and spring tension (T) significantly
influenced the soil separation index at 5 per cent level of significance and both
variables individually influenced the soil separation index. The standard deviation and
coefficient of variation were found out as 1.42 and 2.22 per cent respectively with a
mean value of 63.86 per cent.
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Table.4.27 Analysis of variance onconveying efficiency in turmeric

Source Sum of DF Mean Square F Value
Squares

Model 183.99 4 46.00 22.61 **

Diameter of crank(A) 34.56 2 17.28 8.49 **

Spring tension (B) 149.43 2 74.72 36.73 **

Residual 44.76 22 2.03

Lack of Fit 1.97 4 0.49 0.93

Pure Error 42.79 18 2.38

Cor Total 228.75 26

Std. Dev. 1.43 R-Squared 0.80

Mean 84.64 Adj R-Squared 0.76

CV.% 1.69 Pred R-Squared  0.70

PRESS 67.41 Adeq Precision 12.65

** Significance at 1 % level * Significance at 5 % level

Conveying cfficiency (Per cent)

Fig.4.45 The conveying efficiency for turmeric
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Table. 4.28 Analysis of variance on soil separation index in turmeric

Source of variances  Sum of Squares

DF  Mean Square F Value
Model 121.20 4 30.30 15.03**
Diameter of crank (A) 40.92 2 20.46 10.15**
Spring tension (B) 80.28 2 40.14 19.91**
Residual 44.35 22 2.02
Lack of Fit 11.55 4 2.89 1.58
Pure Error 32.80 18 1.82
Cor Total 165.55 26
Std. Dev. 1.42 R-Squared 0.73
Mean 63.86 Adj R-Squared 0.68
CV.% 2.22 Pred R-Squared 0.59
PRESS 66.80 Adeq Precision 10.89

** Significance at 1 % level * Significance at 5 % level

Soil separation index (Per cent)

Fig.4.46 The soil separation index for turmeric
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4.15 OPTIMIZATION FOR DIGGING UNIT FOR TURMERIC

Numerical optimization technique was adopted to get optimum levels of
independent variables for the designed and tested models using “Design Expert
12.0.4” version software. Optimization constraints of experiments are presented in

Table 4.27 and best optimal solutions were presented in the Table 4.28.
4.15.1Desirability index for digging unit

The highest desirability index of 0.879 was observed at a forward speed of 2.0
km h? with 20 deg. rake angle for V-type blade (Fig 4.45). Hence, this treatment
combination of 2.0 km h', 20 deg. and V-type blade was selected as the optimum for

further evaluation of soil separator unit.

Desirability

Type of Blade

Rake angle

Forward speed

Draft 0640853

Digging efficiency 094484

Damage 0.927783

Fuel consumption 0976079

Combined 0873647

+
-
| |

=
1
=

Fig.4.47 Desirability index for optimized digging unit for turmeric
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Table 4.29 Numerical optimization constraints on digging unit

Upper

Lower Upper Lower .
PP Weigh Importance

Nam I . . .
ame Goa Limit Limit Weight

Straight ~ Crescent

Type of blade  is in range edge type 1 1 3
Rake angle isinrange 15 25 1 1 3
Forward speed isinrange 1.5 2.5 1 1 3
Draft minimize 1390.06  2192.08 1 1 3
Digging maximize ~ 81.91 995 1 1 3
efficiency
Per cent minimize  0.74 7.3 1 1 3
damage
Fuel minimize ~ 3.78 5.25 1 1 3
consumption
Table 4.30. Best optimal solutions of digging unit for turmeric
SI. No. Variables Optimal Values

1 Tool geometry V —Type

2 Rake angle 20deg.

3 Forward speed 2.0 km ht

4.16 OPTIMIZATION FOR SOIL SEPARATOR UNIT

The soil separator unit of the root crop harvester was evaluated based on the
optimized parameters obtained for digging unit. Further the soil separator unit was
tested with different treatment combinations viz., diameter of crank (4, 6 and 8 cm)
and spring tension (800, 1200 and 1600 N m™). The operational parameters of the soil
separator unit were optimized based on the performance parameters of the soil
separator unit such as soil separation index and conveying efficiency.

Numerical optimization technique was adopted to get optimum levels of
independent variables for the designed and tested models using Design Expert 12.0.4
version software. Optimization constraints of experiments are presented in Table 4.31

and best optimal solutions were presented in the Table 4.32.
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4.16.1 Desirability index for soil separator unit

The highest desirability index of 0.789 was observed at a spring tension 1600
N m™ with 8 cm diameter of crank (Fig. 4.48). Hence, this treatment combination of 8
cm diameter of crank and 1600 N m spring tension was chosen as the optimum for

further field performance evaluation of root crop harvester.
Desirability

Diameter of crank

Spring tension

- 4
I I “
|

Conveying efficiency

®

Fig.4.48 Desirability index of soil separator unit for turmeric

Table 4.31 Optimization constraints for soil separator unit

Lower Upper Lower Upper

Name Goal Limit  Limit Weight Weight mPortance
Diameter of crank isinrange 4 8 1 1 3
Spring tension isinrange 800 1600 1 1 3
Conveying efficiency  maximize 76.99 89.71 1 1 3
Soil separation index  maximize 59.78 68.82 1 1 3

Table 4.32. Best optimal solutions of soil separator unit for turmeric

SI. No. Variables Optimal Values
1 Tool geometry V —type
2 Diameter of crank 8cm

3 Spring tension 1600 N m*
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4.17 PERFORMANCE EVALUATION OF ROOT CROP HARVESTER

Performance evaluation of the developed tractor drawn root crop harvester was
carried out in different farmer’s fields at Malappuram, Palakkad and Thrissur districts
of Kerala. The performance of the root crop harvester was evaluated as per the
optimized parameters viz., V-type blade, 20 deg. rake angle and 2.0 km h?* forward
speed and the diameter of the crank as 80 mm and spring tension 1600 N m™. The
prototype root crop harvester was evaluated for 2.0 ha for three crops such as coleus,
ginger and turmeric. The performance (Table 4.33) parameters such as depth of
operation, width of operation, speed of operation, draft and power requirement and
fuel consumption were recorded w.r.to. effective field capacity, field efficiency and
digging efficiency.

The root crop harvester was tested separately for three root crops at a forward
speed of 2.0 km h'. The draft and power requirement were also found out as 1456.83,
1630.27 and 1646.03 N and 7.93, 8.87 and 8.96 kW respectively. Fuel consumption
was observed as 4.18, 5.19 and 5.57 | h! for harvesting of coleus, ginger and turmeric
respectively and Theoretical field capacity, effective field capacity and field efficiency
of root crop harvester for coleus was 0.18 ha h, 0.155 ha h* and 86.11 per cent
respectively and the for ginger and turmeric it was 0.18 ha h%, 0.16 ha h'* and 88.89

per cent respectively.

The digging efficiency of root crop harvester were obtained as 99.89, 99.57
and 99.50 per cent and the damage of tuber/rhizome of root crop harvester were

observed as 0.59, 1.21 and 1.24 per cent, for coleus, ginger and turmeric respectively.

The separation index for coleus, ginger and turmeric were recorded as 82.31,
73.22 and 68.82 per cent respectively, while the conveying efficiency were recorded
as 90.70, 87.58 and 89.71 per cent respectively. The similar findings were reported in
performance of the tractor operated turmeric harvester in accordance with Annamalai
and Udayakumar (2007).
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Table 4.33. Performance evaluation of root crop harvester

Observations

SI. No.  Particulars
Coleus Ginger Turmeric

1. Actual operating time, min 85 75 300

2. Time loss in turning, min 22.5 18.45 60.25
3.  Forward speed, ms* 0.55 0.55 0.55

4. Areacovered, m? 2200 2000 4000

5. Effective width of cut, mm 900 900 900

6. Depth of cut, mm 100 200 200

7.  Effective field capacity, ha h* 0.15 0.16 0.16

8. Theoretical field capacity, hah® 0.18 0.18 0.18

9. Field efficiency, % 86.11 88.89 88.89
10. Draft, N 1456.83 1630.27 1646.03
11. Digging efficiency, % 99.89 99.57 99.50
12.  Damage of rhizome/tuber, % 0.59 1.24 1.21

13.  Power requirement, kW 7.93 8.87 8.96

14.  Fuel consumption, | h! 4.18 5.19 5.57
15.  Soil separation index, % 82.71 73.22 68.82
16.  Conveying efficiency, % 90.70 87.55 89.71

4.18 COST ECONOMICS OF DEVELOPED ROOT CROP HARVESTER

60,000 (Appendix-XII1). The cost of operation was found out as Rs. 767.57 per hour
and hence Rs 4797.31 per ha. The breakeven point and payback period of the
harvester was 40.00 hours per annum and 1.50 years, respectively. The savings in cost
was 85.53 per cent and the saving in labour was 96 per cent over conventional

method. The similar economic outcome was reported in performance of the tractor

The estimated cost of the prototype tractor drawn root crop harvester was Rs.

operated onion digger by Khura et al.,(2011).
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CHAPTER V
SUMMARY AND CONCLUSION

Harvesting of tuber/rhizome is an important operation in root crop cultivation
which requires immediate attention for developing appropriate mechanical harvesting
technology. Conventional method of harvesting tubers/rhizomes is labour intensive;
require skilled labour to dig out from soil. The non-availability of such skilled labour
and the high wages demanded by them to harvest the crop as well as the higher field
losses and damages due to manual harvesting, necessitate the development of a
suitable mechanical harvester for commonly cultivated tuber/rhizome crops especially
coleus, ginger and turmeric. As tractors are becoming a common power sources in
farms, a mechanical harvester attachment to tractor would be the most appropriate
technology. The harvester should satisfy the basic requirements of achieving
maximum harvesting efficiency with minimum damage to the crop and at lesser cost.
Hence an investigation was undertaken to optimize the machine parameters for
mechanical harvesting and to develop a suitable tractor mounted root crop harvester to

dig out the tubers/rhizomes.

The soil parameters at the time of harvest such as its type, moisture content,
bulk density, cone index, shear strength and biometric parameters of crop such as
plant density, spread, weight and bulk density which influence the design of root crop
harvester were analyzed through experimental trials. The digging unit of the harvester
was tested with different treatment combinations of blade geometries viz., straight
edge, V-type and crescent blades at different rake angles of 15, 20 and 25 deg. and at
different forward speeds of 1.5, 2.0 and 2.5 km h. The effects due to these
parameters were optimized based on performances parameters viz., draft, digging

efficiency, damage of tuber/rhizome and fuel consumption.

Numerical optimization technique was adopted to get optimum levels of
independent variables for the digging unit w.r.t the designed models using “Design
Expert 12.0.4” version software. The best optimal solutions for the digging unit were

observed at a forward speed of 2.0 km h! with 20 deg. rake angle for V-type blade.
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The soil separator unit of the harvester was tested with different treatment
combinations of diameter of cranks of 40, 60 and 80 mm and spring tensions of 800,
1200 and 1600 N m™. The operational parameters of the soil separator unit were
optimized based on the performance parameters viz., conveying efficiency and soil

separation index.

Numerical optimization technique was also adopted to get optimum levels of
independent variables for the soil separator unit w.r.t the designed models using
“Design Expert 12.0.4” version software. The best optimal solutions were observed
for diameter of crank 80 mm with 1600 N m™ spring tension of springs. All the field
experimental data were analyzed by using factorial design in ‘Design Expert’ version
12.04 software. Desirability index was found out and accordingly the best optimal
solutions were separately found out for digging and soil separator units of the
harvester. Thus, the prototype of the root crop harvester was developed for harvesting
of coleus, ginger and turmeric at the research workshop of Department of Farm
Machinery and Power Engineering, KCAET, Tavanur and the field trials were
conducted in the KCAET Instructional Farm, RARS Pattambi, State Seed Complex,

Munderi and farmers’ fields at Thrissur and Palakkad districts.

The performance of the tractor operated root crop harvester was evaluated in
terms of draft, digging efficiency, per cent damage of tuber/rhizome, fuel
consumption, soil separation index and conveying efficiency. The comparison
between manual harvesting and the tractor drawn root crop harvester were conducted

for analyzing efficiency and cost economics of the two methods.
The following conclusions were drawn:

e The soils of the experimental location was found out laterite soil and sandy
clay loam, also observed that the coleus is cultivated generally in loamy soils
where as ginger and turmeric are cultivated in clay and sandy loam soils.

e The moisture content of the soil ranged from 14.50 to 17.34 per cent with an
average mean of 15.71 per cent and a coefficient of variation of 8.09 per cent.

e The bulk density of the soil ranged from 1590 to 1830 kg m™ with an average
mean of 1716 kg m™.The coefficient of variation was found as 5.11 per cent.
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The cone index varied from 0.83 to 1.51 kg cm™. The highest value of the cone
index was about 1.51 kg cm™ at the soil moisture of 14.50 per cent.

The shear strength of soil varied from 0.0128 to 0.0142 kg cm with an
average mean of 0.0136 kg cm™. The highest value (0.0142 kg) of shear
strength of soil at the soil moisture content of 14.50 per cent and at 10 cm
depth of soil.

The number of leaves per plant ranged from 15-25, 10 to 29 and 6-12 with
average of 20.90, 19.60 and 9.20 for coleus, ginger and turmeric respectively.
The plant length of coleus, ginger and turmeric crops ranged from 50-70, 16.0
to 35.0 and 20.0-50.0 cm with a mean of 56.52, 24.70 and 39.50 cm
respectively.

The average depths of the tuber/rhizome with respect to ground level were
8.96, 16.45 and 18.15 cm with the minimum of 8, 11 and 15 cm and the
maximum of 10, 20 and 21 cm for coleus, ginger and turmeric respectively.
The range of plant densities of coleus, ginger and turmeric were found out as
15-18, 9-12 and 9-12 numbers and average means of plant densities of 16.30,
10.70 and 10.60 numbers respectively.

Row to row spacing of coleus, ginger and turmeric varied from 25 to 30 and
25-30 cm with average values of 30.10, 28.90 and 28.30 cm respectively.

The weight of coleus, ginger and turmeric yield per plant ranged from 0.20 to
0.35, 0.35t0 1.30 and 0.45 to 0.75 kg and their mean values were 0.289, 0.764
and 0.615 kg respectively.

The average size of coleus was found out as 4.8, 3.37 and 2.38 cm as the
length, width and thickness respectively. The geometric mean diameter was
found out as 3.29 cm whereas, sphericity was 0.69.

Tuber index was found out as 67.59. The average bulk volume and bulk
density were found out as 179.30 cm® and 720.0 kg m™ respectively.

The average size of ginger was found out as 16.52, 9.75 and 4.08 cm as length,
width and thickness respectively. The geometric mean diameter was found out

as 8.8 cm whereas, sphericity of rhizome was 0.53. The rhizome index was
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found out as 42.18. The average bulk volume and bulk density were found out
as 211.20 cm® and 491.82 kg m™ respectively.

The average size of turmeric was found out as 13.83, 10.12 and 3.56 cm along
length, width and thickness respectively. The geometric mean diameter was
found to be 7.83 cm whereas, sphericity of rhizome was 0.578. The rhizome
index was found out as 39.95. The average bulk volume and bulk density were
found out as 194.20 cm?® and 481.63 kg m respectively.

The average surface area of coleus, ginger and turmeric were measured as
35.56, 235.2 and 195.20 cm? respectively.

The mean coefficient of friction of coleus for stainless steel, plywood and
galvanized iron were found out as 0.70, 0.81 and 0.72 respectively while for
ginger, these were found out as 0.50, 0.56 and 0.54 respectively and for
turmeric, these were found out as 0.57, 0.575 and 0.66 respectively.

The angle of repose for coleus, ginger and turmeric were measured as 37.60,
34.33 and 31.69 deg.

The maximum draft of 2009.52 N was recorded in straight edge blade at the
forward speed of 2.5 km h and rake angle of 25 deg. for coleus.

For V-type blade, minimum draft of 1418.66 N was recorded at the rake angle
of 20 deg. and for the forward speed of 2.0 km h, which was 29.40 per cent
lower than the straight edge blade for coleus.

Maximum digging efficiency of 99.89 per cent was noticed in V-type blade at
the forward speed of 2.0 km h' and at 20 deg. rake angle, where as minimum
digging efficiency of 84.15 per cent observed in straight edge blade at the
forward speed of 1.5 km h*! and rake angle of 15 deg. for coleus.

The least damage of 0.59 per cent was observed for the tubers with V-type
blade at rake angle of 20 deg. and forward speed of 2.0 km h™’. The highest
damage of 5.5 per cent was observed for the tubers with crescent blade at 25
deg. rake angle and at forward speed of 2.5 km h for coleus.

Among the different type of blades the less fuel consumption of 3.80 I h™* was
noticed for V-type blade at the rake angle of 15 deg. and at the forward speed
of 2.0 km h, whereas maximum of 4.98 | h'* was noticed in straight edge
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blade at the rake angle of 25 deg. and at the forward speed of 2.5 km ht for
coleus.

The maximum soil separation index of 82.71 per cent was noticed for
harvesting of coleus for 80 mm diameter of crank at 1600 N m™ spring tension.
The maximum conveying efficiency of 90.70 per cent was noticed for 80 mm
diameter of crank at 1600 N m™ spring tension. The least conveying efficiency
of 79.10 per cent was noticed for 40 mm diameter of crank at 800 N m™ spring
tension.

The highest desirability index of 0.872 was observed at a forward speed of

2.0 km h't with 20 deg. rake angle for V-type blade.

The highest desirability index of 0.888 was observed for 80 mm diameter of
crank at 1600 N m™ spring tension for coleus.

The effective field capacity and field efficiency of prototype root crop
harvester for harvesting coleus were noticed as 0.16 ha h™* and 86.11 per cent
respectively.

The maximum draft of 2176.33 N was recorded in straight edge blade at the
forward speed of 2.5 km h't and rake angle of 25 deg. for ginger.

For V-type blade, minimum draft of 1374.31 N was recorded at the rake angle
of 20 deg. and for the forward speed of 2.0 km h™*, which was 37.0 per cent
lower than the straight edge blade for ginger.

Maximum digging efficiency of 99.57 per cent was noticed in V-type blade at
the forward speed of 2.0 km h'! and at 20 deg. rake angle, where as minimum
digging efficiency of 80.40 per cent observed in straight edge blade at the
forward speed of 1.5 km h't and rake angle of 15 deg. for ginger.

The least damage to coleus of 0.86 per cent was observed in V-type blade at
rake angle of 20 deg. and forward speed of 2.0 km h™. A highest damage of
rhizome of 6.05 per cent was obtained in crescent blade at 15 deg. rake angle
and at forward speed of 2.5 km h* for ginger.

Among the different type of blades the least fuel consumption of 3.74 | h't was
noticed for V-type blade at the rake angle of 15 deg. and at the forward speed

of 2.0 km h, whereas maximum of 5.19 | h"* was noticed in straight edge
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blade at the rake angle of 25 deg. and at the forward speed of 2.5 km ht for
ginger.

The maximum soil separation index of 73.21 per cent was noticed for
harvesting of ginger for 80 mm diameter of crank at 1600 N m spring tension.
The maximum conveying efficiency of 87.55 per cent was noticed for 80 mm
diameter of crank at 1600 N m™ spring tension for ginger. The least conveying
efficiency of 75.95 per cent was noticed for 40 mm diameter of crank at 800 N
m* spring tension.

The best desirability index of 0.823 was observed at a forward speed of

2.0 km h'* with 20 deg. rake angle for V-type blade and the highest desirability
index of 0.882 was observed for 80 mm diameter of crank at 1600 N m spring
tension for ginger.

The effective field capacity and field efficiency of prototype root crop
harvester for ginger were noticed as 0.16 ha h? and 88.89 per cent
respectively.

The maximum draft of 2192.08 N was recorded in straightedge blade at the
forward speed of 2.5 km h! and rake angle of 25 deg. for turmeric.

For V-type blade, minimum draft of 1390.06 N was recorded at the rake angle
of 20 deg. and for the forward speed of 1.5 km h, which was 36.60 per cent
lower than the straightedge blade for turmeric.

Maximum digging efficiency of 99.50 per cent was noticed in V-type blade at
the forward speed of 2.0 km h' and at 25 deg. rake angle, where as minimum
digging efficiency of 81.91 per cent observed in straight edge blade at the
forward speed of 1.5 km h! and rake angle of 15 deg. for turmeric.

The least damage to turmeric of 0.74 per cent was observed in V-type blade at
rake angle of 20 deg. and forward speed of 2.0 km h’. A highest damage of
rhizome of 7.3 per cent was obtained in crescent blade at 15 deg. rake angle
and at forward speed of 2.5 km h* for turmeric.

Among the different type of blades the least fuel consumption of 4.0 | h't was
noticed for V-type blade at the rake angle of 15 deg. and at the forward speed
of 2.0 km h?, whereas maximum of 5.57 | h™ was noticed in straight blade at

the rake angle of 25 deg. and at the forward speed of 2.5 km h! for turmeric.
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The maximum soil separation index of 68.82 per cent was noticed for
harvesting of turmeric for 80 mm diameter of crank at 1600 N m™ spring
tension.

The maximum conveying efficiency of 89.71 per cent was noticed for 80 mm
diameter of crank at 1600 N m™ spring tension for turmeric. The least
conveying efficiency of 76.99 per cent was noticed for 40 mm diameter of
crank at 800 N mspring tension.

The highest desirability index of 0.851 was observed at a forward speed of

2.0 km h with 20 deg. rake angle for V-type blade and the highest desirability
index of 0.791 was observed for 80 mm diameter of crank at 1600 N m spring
tension for turmeric.

The effective field capacity and field efficiency of prototype root crop
harvester for turmeric were noticed as 0.16 ha h' and 88.89 per cent
respectively.

The estimated cost of the prototype tractor drawn root crop harvester was Rs.
60,000. The cost of operation was found out as Rs. 767.57 per hour

The breakeven point and payback period of root crop harvester was 40.00
hours per annum and 1.50 years respectively.

The saving in cost of root crop harvester for three root crops was 89 per cent.

Suggestion for future work

The following are the suggestions for future work on a similar or related

research problem.

e Design and development of conveying cum soil separator mechanism
for the uprooted tubers/rhizomes

e Suitably design/modify the tractor wheels to work in wet land
conditions.

e Conduct field trials for uprooting groundnuts and incorporate suitable
design modifications, if required to the digging and soil separator unit

of the harvester.
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Appendix - |
Biometric observations of tuber/rhizome in the field at the time of harvesting
Sl Range Mean
Parameter i i i i
No. Coleus Ginger Turmeric Coleus Ginger Turmeric

1 Number of leaves 15-25 10-29 6-12 20.90 19.60 9.20

2 Height of plant,cm 50-70  16-35 20 -50 56.52 24.70 39.50
Depth of

3 _ 8-10 11 -20 15-21 8.96 16.45 18.15
rhizome/tuber,cm

Plant density,

4 15-18 9-12 9-12 16.30 10.70 10.60
no/m?
Plant to plant

5 _ 15-16 20-25 20-25 15.20 24.20 23.90
spacing, cm
Row to row

6 _ 30 25-30 25-30 30.10 28.90 28.3
spacing, cm
Rhizome/tuber

7 7-12 11-21 17-20 9.55 17.45 18.60
spread, cm
Rhizome/tuber 0.20 - 0.35-

8 ) 0.45-0.75 0.28 0.76 0.61
weight, kg .035 1.3
No. of rhizome

9  fingers/tuber 8-15 5-14 3-12 11.10 10.00 8.20
haulms per hill,

10  Weight of

0.35- 0.5-
rhizome/tuber with 1.3-1.50 0.61 1.35 1.39
0.75 1.20

plant, kg
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Appendix - 11

Physical properties of coleus

i Geometric Bulk Bulk
SI. No Size (cm) mean, dia,  Sphericity T#é);: Sunzgfﬁz?rea volume density
Length Width Thickness (cm) (cm?) (kg m®)

1 4.81 2.83 2.31 3.15 0.65 73.55 31.17 180 610.51

2 6.09 4.39 3.43 4.50 0.74 36.7 63.61 175 651.24

3 4.67 3.77 2.37 3.46 0.74 52.26 37.60 179 684.74

4 3.54 2.58 1.58 2.43 0.68 86.84 18.50 176 690.10

5 5.19 2.71 2.30 2.41 0.61 83.26 18.24 181 709.14

6 4.29 2.34 1.54 2.49 0.58 119.04 19.47 185 754.12

7 5.93 2.90 2.10 3.30 0.55 97.37 34.21 181 780.10

8 6.05 4.39 3.14 4.36 0.72 43.89 59.72 178 779.4

9 4.46 3.72 2.52 3.47 0.77 47.57 37.82 177 760.14
10 3.66 4.07 2.54 3.35 0.93 35.40 35.25 181 780.14
Range 2.55 2.05 1.80 2.09 0.38 83.64 45.37 10.0 169.6
Mean 4.86 3.37 2.38 3.29 0.69 67.59 35.56 179.30 720.0
S.D. 0.93 0.78 0.59 0.734 0.11 28.62 15.81 2.95 60.1

CV, % 19.23 23.17 24.87 22.29 15.80 42.35 44.47 1.64 8.35
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Appendix — 111

Physical properties of ginger

Size (cm) Geometric . Surface Bulk Bulk

SI. No . . mean, dia, Sphericity Rhléome area volume density

Length Width Thickness (cm) index (cm?) (cm?) (kg m?)

1 12.30 9.20 3.55 9.37 0.59 37.66 170.64 210 489.80

2 16.10 8.30 4.80 8.62 0.53 40.41 233.43 214 492.90

3 20.10 13.00 3.20 9.40 0.46 48.31 277.59 209 485.00
40 21.50 8.50 4.60 9.43 0.43 54.95 279.36 213 479.80
5 16.20 10.00 3.95 8.61 0.53 41.01 232.89 220 507.90

6 18.20 12.00 3.89 9.47 0.52 38.98 281.74 217 499.21

7 15.15 7.50 3.91 7.63 0.50 51.66 182.89 201 482.30

8 19.30 9.50 4.12 9.10 0.47 49.31 260.15 219 493.50

9 9.10 8.50 4.31 6.93 0.76 24.83 150.87 205 488.34
10 17.20 11.00 4.51 9.48 0.55 34.67 282.33 204 499.50
Range 12.40 5.50 1.60 2.55 0.32 30.12 131.50 19.00 28.10
Mean 16.52 9.75 4.08 8.80 0.53 42.18 235.20 211.20 491.82
S.D. 3.71 1.76 0.49 0.88 0.09 9.03 50.30 6.53 8.65
CV, % 22.44 18.06 12.01 10.03 16.95 21.41 21.39 3.09 1.76
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Appendix — IV

Physical properties of turmeric

Size (cm) Geometric . Surface Bulk

SI. No . . mean, dia,  Sphericity .RQ'ZOTe area Bulk voalume density

Length Width Thickness (cm) index (%) (cm?) (cm?) (kg m?)

1 17.27 14.23 3.10 9.13 0.52 39.14 261.87 185 445.80

2 19.31 11.50 3.50 9.19 0.47 47.90 265.39 191 432.90

3 9.25 12.40 4.20 7.83 0.84 17.76 192.60 196 484.00

4 13.27 10.40 4.05 8.23 0.62 31.50 212.78 200 479.80

5 9.50 6.50 3.50 6.00 0.63 41.75 113.09 204 510.90

6 12.20 8.10 4.10 7.39 0.60 36.73 171.56 189 489.21

7 14.50 9.20 3.80 7.97 0.54 41.47 199.55 187 472.30

8 15.38 10.04 3.50 8.14 0.52 43.76 208.16 201 493.50

9 14.23 9.80 2.80 7.30 0.51 51.85 167.41 204 498.34
10 13.47 9.12 3.10 7.20 0.53 47.64 162.86 185 509.50
Range 10.06 7.73 1.40 3.19 037 34.09 152.3 19.0 78.0
Mean 13.83 10.12 3.56 7.83 0.578 39.95 195.20 194.20 481.63
S.D 3.12 2.19 0.47 0.94 0.10 9.77 45.9 7.70 25.53

CV, % 22.56 21.63 13.26 12.05 18.27 24.45 23.49 3.96 5.30
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Appendix -V

Coefficient of friction of tuber/rhizome

Coefficient of friction

Stainless steel Plywood Gl
SI. No. - - -
Coleu Ginge Turmer Ginge Turmer Ginge Turmer
) Coleus . Coleus .
S r ic r ic r ic
1 0.60 0.53 0.53 0.78 0.66 0.73 0.71 0.56 0.64
2 0.72 0.51 0.54 0.79 0.61 0.74 0.74 0.58 0.69
3 0.74 0.52 0.59 0.87 0.54 0.72 0.73 0.59 0.71
4 0.78 0.49 0.61 0.83 0.51 0.79 0.75 0.48 0.66

5 0.67 0.45 0.58 0.81 0.50 0.78 0.69 0.50 0.61

Range 0.18 0.08 0.08 0.09 0.16 0.07 0.06 0.11 0.10
Mean 0.702  0.50 0.57 0.816  0.564 0.75 0.72 0.542 0.66

S.D 0.069 0.031 0.033 0.035 0.068 0.031 0.024  0.049 0.039
CV,%  9.89 6.32 5.95 4.38 12.19 4.14 3.33 9.08 5.99

Appendix — VI

Angle of repose and firmness of tuber/rhizome

SI. Angle of repose (degree) Firmness (N)
No. Coleus Ginger  Turmeric  Coleus Ginger  Turmeric
1 38.14 31.69 28.74 248.69 163.44 81.48
2 38.59 33.77 29.47 296.35 277.96 59.67
3 39.05 35.08 31.58 187.26 193.23 60.95
4 34.10 36.40 33.14 198.36 257.79 71.57
5 38.14 34.75 35.51 235.23 178.63 65.47
Range 4.95 4.71 6.77 109.10 114.5 21.81
Mean 37.60 34.33 31.69 233.20 214.2 67.83
S.D 1.95 1.754 2.754 43.50 50.60 8.94

CV 5.30 5.11 8.69 18.64 23.63 13.18
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Draft, Digging Efficiency, Per Cent Damage and Fuel Consumption for Coleus

Forward Digging Damage of  Fuel
EI(') Type of Blade ;?;2 ©) speed (Dl\lr)a ft efficiency Rhizome consumption

' (km h) (%) /tuber (%) (L h')
1. Straightedge 15 1.5 1808.43 84.15 4.15 451
2. V-type 15 1.5 1880.36  95.20 2.54 3.81
3. Crescenttype 15 1.5 1807.34  86.60 4.12 4.15
4. Straightedge 20 1.5 1848.83  87.02 4.17 4.61
5. V-type 20 1.5 1761.99 96.98 2.15 3.94
6. Crescenttype 20 1.5 1787.86  89.67 4.90 4.27
7. Straightedge 25 1.5 1781.49 85.63 5.03 4.84
8. V-type 25 1.5 1825.44  97.84 1.01 4.08
9. Crescenttype 25 1.5 1862.07  93.57 5.50 431
10. Straightedge 15 2.0 1704.64  87.58 4.30 4.52
11. V-type 15 2.0 1558.37  95.83 2.80 3.80
12. Crescenttype 15 2.0 1729.82  90.03 4.60 4.29
13. Straightedge 20 2.0 1789.98 91.25 4.50 4.95
14. V-type 20 2.0 1486.88  98.57 0.59 3.93
15. Crescenttype 20 2.0 1670.21  94.47 4.80 4.36
16. Straightedge 25 2.0 1790.68 89.91 4.25 4.87
17. V-type 25 2.0 1471.23  95.51 1.10 3.90
18. Crescenttype 25 2.0 1644.23  92.63 5.12 4.30
19. Straightedge 15 2.5 1719.34  91.40 4.55 4.50
20. V-type 15 2.5 1765.80  95.67 3.10 3.90
21. Crescenttype 15 25 1834.94  89.13 4.09 4.29
22. Straightedge 20 2.5 1854.74  91.09 4.73 4.80
23. V-type 20 2.5 1627.19  97.13 2.20 4.13
24. Crescenttype 20 2.5 1775.68 91.43 4.50 4.50
25. Straightedge 25 2.5 1797.84  93.99 4.40 4.97
26. V-type 25 2.5 1696.49  97.05 3.00 4.05
27. Crescenttype 25 25 1850.45 96.81 4.10 4.50
28. Straighttype 15 1.5 1786.64  86.25 4.20 4.44
29. V-type 15 1.5 1867.54  95.77 3.04 4.18
30. Crescenttype 15 1.5 1810.97 87.66 4.20 4.25
31. Straightedge 20 1.5 1844.20 85.17 4.18 4.7
32. V-type 20 1.5 2009.52  96.54 2.16 3.85
33. Crescenttype 20 1.5 1801.35 89.79 4.84 4.30
34. Straightedge 25 1.5 1765.38 87.54 5.09 4.80
35. V-type 25 1.5 1774.14  97.99 2.02 4.05
36. Crescenttype 25 1.5 1779.71  89.52 5.12 4.51
37. Straightedge 15 2.0 1766.95 87.59 4.36 4.50
38. V-type 15 2.0 1556.29  93.80 1.10 4.07
39. Crescenttype 15 2.0 1731.61 90.06 3.40 4.05
40. Straightedge 20 2.0 1748.67 88.25 4.58 4.81
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41.
42.
43.
44,
45.
46.
47.
48.
49,
50.
51.
52.
53.
54.
55.
56.
S7.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.

V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type

20
20
25
25
25
15
15
15
20
20
20
25
25
25
15
15
15
20
20
20
25
25
25
15
15
15
20
20
20
25
25
25
15
15
15
20
20
20
25
25
25

2.0
2.0
2.0
2.0
2.0
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5

1418.66
1650.15
1724.63
1496.59
1722.80
1800.95
1764.98
1828.55
1865.44
1572.13
1748.85
1715.45
1757.58
1901.66
1823.93
1876.92
1820.03
1860.40
1975.57
1768.92
1821.75
1753.62
1895.02
1782.23
1595.93
1732.32
1726.75
1431.37
1720.01
1677.10
1501.08
1744.21
1841.47
1804.65
1812.58
1821.72
1590.10
1762.77
1830.79
1782.01
1901.31

98.02
92.82
89.77
96.04
93.91
91.19
96.06
89.30
87.92
98.04
99.32
92.78
95.84
92.04
87.98
95.78
88.50
90.64
98.07
93.64
86.07
98.35
93.39
90.05
96.92
92.48
93.85
99.89
91.20
92.25
98.18
97.10
90.68
94.72
93.22
89.54
95.56
96.07
92.99
96.57
94.14

1.84
3.90
4.50
2.25
4.70
4.14
2.92
4.09
3.90
2.23
4.10
4.20
2.94
5.50
4.18
3.17
4.09
3.80
2.14
5.24
4.93
1.99
5.18
4.28
2.56
4.58
4.47
0.98
4.70
4.80
1.99
4.98
4.43
3.46
4.08
4.68
2.04
5.16
5.18
2.98
5.39

3.98
4.30
4.90
4.14
4.50
4.43
4.10
4.20
4.60
4.19
4.30
4.98
4.10
4.50
4.53
3.90
4.20
4.83
3.97
4.33
4,92
411
4.43
4.58
3.93
4.25
4.86
4.05
4.40
4.90
411
4.48
4.59
3.98
4.29
4.94
4.10
4.47
4.87
4.18
4.50
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Draft, Digging efficiency, Per cent Damage and Fuel consumption for Ginger

S| Rake Forward Digg_ing Per cent Fuel _
N6 Type of Blade angle (°) speed Draft (N) efficiency Damage consumption
' (km h™) (%) (%) (LhD)
1. Straight edge 15 1.5 2001.20 80.86 5.48 4.53
2. V-type 15 1.5 1431.57 93.92 3.10 3.99
3. Crescent type 15 1.5 1901.53 83.92 5.78 4.20
4. Straight edge 20 1.5 2010.30 81.94 4.18 4.83
5. V-type 20 15 1615.79 97.20 2.15 3.94
6. Crescent type 20 1.5 2001.59 87.37 4.12 4.33
7. Straight edge 25 1.5 2090.61 81.41 4.03 4.92
8. V-type 25 1.5 1780.31 98.06 2.01 4.08
9. Crescent type 25 1.5 2014.08 91.16 3.99 4.43
10 Straight edge 15 2.0 2010.50 83.07 5.30 4.58
11 V-type 15 2.0 1460.68 95.85 1.15 3.93
12 Crescent type 15 2.0 1954.23 86.19 5.03 4.25
13 Straight edge 20 2.0 2050.60 87.45 3.51 4.86
14 V-type 20 2.0 1625.82 98.84 0.86 4.03
15 Crescent type 20 2.0 2019.14 91.50 3.80 4.40
16 Straight edge 25 2.0 2098.71 85.98 3.50 4.96
17 V-type 25 2.0 1801.14 99.25 0.98 4.11
18 Crescent type 25 2.0 2018.04 89.55 3.60 4.48
19 Straight edge 15 2.5 2019.34 85.75 5.55 4.59
20 V-type 15 2.5 1467.78 95.48 1.39 3.95
21 Crescent type 15 2.5 1970.56 84.88 6.05 4.29
22 Straight edge 20 2.5 2070.15 85.18 3.75 4.94
23 V-type 20 2.5 1630.92 97.91 1.15 4.10
24 Crescent type 20 2.5 2021.50 92.94 4.15 4.47
25 Straight edge 25 2.5 2101.14 89.59 3.74 5.06
26 V-type 25 2.5 1850.08 98.15 1.89 4.18
27 Crescent type 25 2.5 2019.18 91.00 3.86 4.50
28 Straight edge 15 1.5 1955.37 83.39 5.32 4.47
29 V-type 15 15 1374.31 91.81 3.195 3.84
30 Crescent type 15 1.5 1887.27 80.80 5.46 4.15
31 Straight edge 20 1.5 1997.23 82.73 4.14 4.78
32 V-type 20 15 1608.52 95.96 2.13 3.90
33 Crescent type 20 1.5 2003.59 86.71 4.19 4.27
34 Straight edge 25 1.5 2176.33 85.77 3.93 4.93
35 V-type 25 15 1729.57 92.49 1.99 4.16
36 Crescent type 25 1.5 2012.07 89.05 3.96 4.31
37 Straight edge 15 2.0 2058.75 81.93 5.20 4.52
38 V-type 15 2.0 1477.84 96.02 1.14 3.74
39 Crescent type 15 2.0 1937.62 85.76 4.97 4.29
40 Straight edge 20 2.0 2074.85 86.07 3.43 5.06
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41 V-type
42 Crescent type
43 Straight edge
44 \/-type
45 Crescent type
46 Straight edge
47 V-type
48 Crescent type
49 Straight edge
50 V-type
51 Crescent type
52 Straight edge
53 V-type
54 Crescent type
55 Straight edge
56 V-type
57 Crescent type
58 Straight edge
59 V-type
60 Crescent type
61 Straight edge
62 V-type
63 Crescent type
64 Straight edge
65 V-type
66 Crescent type
67 Straight edge
68 V-type
69 Crescent type
70 Straight edge
71 V-type
72 Crescent type
73 Straight edge
74 V-type
75 Crescent type
76 Straight edge
77 V-type
78 Crescent type
79 Straight edge
80 V-type
81 Crescent type

20
20
25
25
25
15
15
15
20
20
20
25
25
25
15
15
15
20
20
20
25
25
25
15
15
15
20
20
20
25
25
25
15
15
15
20
20
20
25
25
25

2.0
2.0
2.0
2.0
2.0
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5

1624.19
2090.31
2163.25
1795.29
2019.05
2100.11
1523.56
2013.42
2088.26
1674.95
2023.02
2130.14
1826.03
2026.75
2012.66
1445.89
1920.55
2062.57
1625.48
2000.09
2026.32
1847.96
2008.04
1998.44
1392.03
2020.67
2123.35
1632.32
1924.24
2012.66
1783.58
2021.07
1999.15
1453.84
1984.85
2124.49
1619.91
2015.44
2093.89
1868.12
1988.89

99.57
87.88
87.64
98.23
88.15
81.93
97.04
87.44
85.40
98.65
87.44
85.05
98.75
89.42
81.53
94.76
85.17
84.70
94.02
89.01
87.51
97.29
83.77
83.53
95.97
84.69
82.61
98.14
90.46
81.82
98.87
93.04
80.40
94.86
83.86
85.10
99.05
89.01
86.35
99.08
89.87

0.85
3.93
3.53
0.97
3.51
5.49
1.44
6.10
3.77
1.18
4.16
3.70
1.95
3.97
5.49
3.13
5.81
4.24
2.16
4.10
4.05
2.086
3.90
5.30
1.12
5.01
3.60
0.87
3.69
3.36
0.96
3.57
5.56
1.37
5.91
3.71
1.12
4.20
3.62
191
3.77

3.93
4.46
4.95
3.97
4.39
4.62
3.90
4.29
4.99
4.13
4.57
5.10
4.05
4.50
4.54
418
4.25
4.89
3.83
4.34
4.85
4.05
451
4.56
4.07
4.05
491
4.05
4.35
4,94
414
4.50
4.46
412
4.29
4.72
4.19
4.32
5.19
4.13
4.52
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Appendix — IX

Draft, Digging efficiency, Per cent Damage and Fuel consumption for Turmeric

S| Rake Forward Digg_ing Per cent  Fuel _
N6 Type of Blade angle (°) speed Draft(N) efficiency Damage consumption
' (km h™) (%) (%) (LhD)
1. Straight edge 15 1.5 2016.95 82.21 6.73 4.53
2. V-type 15 1.5 1447.32 95.27 4.35 4.21
3. Crescent type 15 1.5 1917.28 85.27 7.03 5.20
4. Straight edge 20 1.5 2026.05 83.29 543 4.83
5. V-type 20 1.5 1631.54 98.55 3.40 4.20
6. Crescent type 20 1.5 2017.34 88.72 5.37 5.12
7. Straight edge 25 1.5 2106.36 82.76 5.28 4.92
8. V-type 25 1.5 1796.06 99.14 3.26 4.44
9. Crescent type 25 1.5 2029.83 92.51 5.24 5.21
10. Straight edge 15 2.0 2026.25 84.42 6.55 4.56
11. V-type 15 2.0 1476.43 97.20 2.40 412
12. Crescent type 15 2.0 1969.98 87.54 6.28 5.25
13. Straight edge 20 2.0 2066.35 88.80 4.76 4.87
14, V-type 20 2.0 1641.57 99.19 1.12 4.03
15. Crescent type 20 2.0 2034.89 92.85 5.05 5.19
16. Straight edge 25 2.0 2114.46 87.33 4.75 4.96
17. V-type 25 2.0 1816.89 99.10 2.23 411
18. Crescent type 25 2.0 2033.79 90.90 4.85 5.36
19. Straight edge 15 2.5 2035.09 87.10 6.80 4.59
20. V-type 15 2.5 1483.53 96.83 2.64 4.34
21. Crescent type 15 2.5 1986.31 86.23 7.30 5.29
22. Straight edge 20 2.5 2085.90 86.53 5.00 4.93
23. V-type 20 2.5 1646.67 99.26 2.40 4.30
24. Crescent type 20 25 2037.25 94.29 5.40 5.25
25. Straight edge 25 2.5 2116.89 90.94 4.99 5.04
26. V-type 25 2.5 1865.83 99.08 3.14 4.10
27. Crescent type 25 2.5 2034.93 92.35 511 5.19
28. Straight edge 15 1.5 1971.12 84.74 6.57 4.50
29. V-type 15 1.5 1390.06 93.16 4.44 4.23
30. Crescent type 15 1.5 1903.02 82.15 6.71 5.04
31. Straight edge 20 1.5 2012.98 84.08 5.39 4.82
32. V-type 20 1.5 1624.27 97.31 3.38 4.19
33. Crescent type 20 1.5 2019.34 88.06 5.44 4.89
34. Straight edge 25 1.5 2192.08 87.12 5.18 5.01
35. V-type 25 1.5 1745.32 93.84 3.24 4.44
36. Crescent type 25 1.5 2027.82 90.40 5.21 5.06
37. Straight edge 15 2.0 2074.50 83.09 6.45 4.61
38. V-type 15 2.0 1493.59 97.10 2.39 4.13
39. Crescent type 15 2.0 1953.37 86.91 6.22 5.19
40. Straight edge 20 2.0 2090.60 87.22 4.57 4.72
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41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54,
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.

V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type
Straight edge
V-type
Crescent type

20
20
25
25
25
15
15
15
20
20
20
25
25
25
15
15
15
20
20
20
25
25
25
15
15
15
20
20
20
25
25
25
15
15
15
20
20
20
25
25
25

2.0
2.0
2.0
2.0
2.0
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5

1639.94
2106.06
2179.00
1811.04
2034.80
2115.86
1539.31
2029.17
2104.01
1690.70
2038.77
2145.89
1841.78
2042.50
2028.41
1461.64
1936.30
2078.32
1641.23
2015.84
2042.07
1863.71
2023.79
2014.19
1407.78
2036.42
2139.10
1648.07
1939.99
2028.41
1799.33
2036.82
2014.90
1469.59
2000.60
2140.24
1635.66
2031.19
2109.64
1883.87
2004.64

99.40
89.03
88.79
98.70
89.30
83.00
98.19
88.60
86.55
99.50
88.59
86.20
99.00
90.57
82.68
95.91
86.32
85.86
95.18
90.16
88.66
98.44
84.90
84.68
97.12
85.84
83.76
99.01
91.62
82.98
99.00
94.20
81.91
96.37
85.37
86.61
99.30
90.52
87.86
98.30
91.38

0.74
5.07
4.67
1.47
4.656
6.636
2.586
7.24
491
2.32
5.30
4.84
3.09
5.11
6.63
4.27
6.95
5.38
3.30
5.24
5.19
3.23
5.04
6.44
2.26
6.15
4.74
1.14
4.836
4.506
0.97
471
6.70
2.51
7.05
4.85
2.26
5.34
4.76
3.05
4.91

4.00
5.07
4.95
4.27
5.57
4.55
4.32
5.32
5.01
4.19
5.06
4.99
4.29
5.19
4.63
4.17
5.14
4.80
4.12
5.28
4.89
4.44
5.24
4.34
4.04
5.23
5.05
4.03
5.15
4.93
4.06
5.30
4.48
4.33
5.30
4.82
4.30
5.49
4.90
4.05
5.16
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Appendix — X

Conveying efficiency and soil separation index of the root crop harvester on
coleus

Sl Diameter of  Spring tension Conveying Soil separation
No crank (cm) (N m™) efficiency (%)  index (%)
1 4 800 82.59 74.59
2 6 800 84.10 76.10
3 8 800 85.02 77.02
4 4 1200 87.54 79.54
5 6 1200 88.38 80.38
6 8 1200 89.62 81.62
7 4 1600 87.06 79.06
8 6 1600 88.90 80.90
9 8 1600 89.72 81.72
10 4 800 79.10 71.10
11 6 800 82.78 74.78
12 8 800 84.50 76.50
13 4 1200 87.77 75.77
14 6 1200 90.70 82.71
15 8 1200 87.53 79.53
16 4 1600 85.93 77.93
17 6 1600 87.14 79.14
18 8 1600 89.30 81.31
19 4 800 85.20 77.20
20 6 800 83.66 75.66
21 8 800 84.84 76.84
22 4 1200 86.58 78.58
23 6 1200 86.63 78.63
24 8 1200 88.92 80.92
25 4 1600 88.56 80.56
26 6 1600 88.31 80.31
27 8 1600 89.82 81.82
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Appendix — XI
Conveying efficiency and soil separation index of the root crop harvester on
ginger

Sl Diameter of  Spring tension  Conveying Soil separation
No  crank (cm) (N m™) efficiency (%)  index (%)
1 4 800 79.44 64.59
2 6 800 80.95 66.10
3 8 800 81.87 67.02
4 4 1200 84.39 69.54
5 6 1200 85.23 70.38
6 8 1200 86.47 71.62
7 4 1600 83.91 69.06
8 6 1600 85.75 70.90
9 8 1600 86.57 71.72
10 4 800 75.95 61.60
11 6 800 79.63 65.28
12 8 800 81.35 67.00
13 4 1200 84.62 66.27
14 6 1200 87.55 73.21
15 8 1200 84.38 70.03
16 4 1600 82.78 68.43
17 6 1600 84.39 69.64
18 8 1600 86.55 71.81
19 4 800 82.45 67.08
20 6 800 80.91 65.54
21 8 800 82.09 66.72
22 4 1200 83.83 68.46
23 6 1200 83.88 68.51
24 8 1200 86.17 70.80
25 4 1600 85.81 70.44
26 6 1600 85.56 70.19
27 8 1600 87.07 71.70
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Appendix — XI1

Conveying efficiency and soil separation index of the root crop harvester on
turmeric

Sl Diameter of  Spring tension  Conveying Soil separation
No. crank (cm) (N m7) efficiency (%) index (%0)
1 4 800 79.48 60.59
2 6 800 81.99 61.10
3 8 800 82.91 62.02
4 4 1200 85.43 64.54
5 6 1200 85.27 65.38
6 8 1200 89.51 66.62
7 4 1600 84.95 62.06
8 6 1600 86.79 65.90
9 8 1600 87.61 66.72
10 4 800 76.99 60.10
11 6 800 80.67 59.78
12 8 800 82.39 61.50
13 4 1200 85.66 60.77
14 6 1200 88.59 67.70
15 8 1200 85.42 66.53
16 4 1600 83.82 62.93
17 6 1600 85.03 64.14
18 8 1600 87.19 66.31
19 4 800 83.09 62.20
20 6 800 81.55 63.66
21 8 800 82.73 61.84
22 4 1200 84.47 63.58
23 6 1200 85.52 63.63
24 8 1200 86.81 66.92
25 4 1600 85.45 63.56
26 6 1600 86.20 65.31
27 8 1600 89.71 68.82
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Appendix -XI11

Mean and Co-efficient of variation for the operational parameters of the root
crop harvester for coleus, ginger and turmeric

S.  Operational Mean Co-efficient of variation

No. parameter Coleus Ginger Turmeric Coleus Ginger Turmeric

1. Draft (N) 1753.0 1894.25 1910.00 2.75 1.94 1.92

2.  Digging 92,76  89.65 90.78 1.99 1.99 1.97
efficiency (%)

3. Percentdamage  3.77 3.47 4.61 11.29 6.30 5.74
(%)

4, Fuel 4.36 4.40 4.47 2.01 1.95 2.01
consumption
(Ih)

5. Conveying 86.67  83.69 84.64 1.52 1.62 1.69
efficiency (%)

6.  Soil separation 7853  68.66 63.86 1.84 1.94 2.22

index (%)
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Appendix — XIV
Economic evaluation of developed root crop harvester

The cost of operation has been worked out based on the following assumptions.

Assumptions made,

Initial cost of tractor, Rs. =8, 00,000
Initial cost of root crop harvester = 60,000
Annual usage for tractor, h =1,000
Actual daily usage, h day =8

Annual usage of root crop harvester, h =250
Total life of tractor, years =10

Total life of root crop harvester, year =7
Salvage value (10 % of initial cost of tractor), Rs = 80,000
Salvage value (10 % of initial cost of root crop harvester), Rs = 6,000

A. Fixed cost of tractor drawn root crop harvester

Sl Tractor Root crop harvester
No.  Annual fixed cost Per Per
Annual Annual
hour hour
- (800000- (60000-
1 Depreciation, Rs 80000)/10=72000 72.00 6000)/7=7714 30.85
(800000+80000)/2x1 (60000+6000)/2x10
2 Interest, Rs 0/100 44.00 /100 13.20
= 44000 = 3300
i 0,
g Housing, @1.5% of 12000 12.00 900 3.60
purchase cost, Rs.
g  Toxes@L%of 8000 8.00 : :
average price, Rs
(800000+80000)/2 x (60000+6000)/2 x
0,
5 '”S“r?r:‘ifieél %@Oit Yo of 1/100 4.40 1/100 1.32
= 4400 =330
Repair and
maintenance 800000 x 8/100 60000 x 8/100 =
6 @ 8% of purchase - 64000 64.00 4800 19.20
cost, Rs
Total fixed cost, Rs.
7 ht 204400 204.40 17044 68.17
8 Annual fixed cost,Rs. 204.40 x 250 = 51100 17044
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B. Variable cost of tractor drawn root crop harvester

1  Operator wages @18000/ month 75
Rs. ht
2 Fuelcost@Rs70 I1501ht 350
3 Lubrication @ 20 % of fuel cost, 70
Rs
4 Total operating cost, Rs - 495
C. Total cost per hour, Rs =204.40 +68.17 + 495.00
=767.57

D. Cost per ha
Field capacity, ha h' =0.16

Cost of operation, Rs. hat =767.57/0.16 = 4797.31

Cost of collection and bagging (60labours per ha @ 750 day™), Rs. ha™ = 45000

Total cost of harvesting, Rs. ha! =4797.31+45000 = 49797

E. Cost of harvesting by conventional method
Area of field harvested by skilled labour in one day  =0.025 ha

(3 labours used)

Total labours required ha* =120
Wages of labour per day, Rs =750
Cost of harvesting, Rs. ha! = 90000

F. Saving in labour

Total labours required to harvest one ha. =61
with root crop harvester

Total labours required to harvest one ha

with conventional harvesting =120

Saving in labour, % =50.8%
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G. Saving in cost

Cost of operation of harvester without =4797.31
collection and bagging

Cost of digging by manual (60 labours required for ha) = 45000

Saving in cost without collection, per cent =89

Cost of harvesting using harvester = 49797

Cost by manual harvesting, Rs = 90000

Saving in cost =90000-49797
= 40203

Saving in cost, per cent = 44.67

H. Break Even Point

BEP = _~FC_
CF-C
Where,
BEP = Break-even point, h yr?
AFC = Annual fixed cost for the machine, Rs. yr?
CF = Custom fee, Rs. h!
C = Operating cost, Rs. ht
_ (cost of operation h™ + 25 per cent overhead charges) + (25

CF ~  per cent profit over new cost)
Annual fixed i i
cost, Rs. yrt = Annual fixed cost of tractor + Annual fixed cost of harvester

=51100 + 17044

= 68144
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Custom fee, Rs. h = (Cost operation h™ + 25 per cent overhead charges) x (25 per

cent  profit over new cost)
= (767.57+ 767.57 x 0.25) x 1.25
=1199.32
Operating cost, Rs. h'i= 495
Effective field capacity, hah™* = 0.16

68144

BEP =175933 495

= 3.25 h per annum say 4 h yr*
Annual utility = Effective field capacity x Annual utility period
=0.16 x 250
=40.00 ha

Therefore, BEP is achieved about (4 x 100)/ 40.00 = 90 per cent of the annual

utility rate of 250 hours of the root crop harvester.

I. Pay- back period

PBP = 1€
~ ANP

Where,

PBP = Payback period, yr

IC = Initial cost of the machine, Rs

ANP = Average net annual profit, Rs yr*

ANP = (CF-C) x AU
Where,

AU = Annual use, h yr?!
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Initial cost of the harvester, Rs = (initial cost of tractor for 1000 h + initial cost of

harvester
= (800000 x 200)/ 1000 + 60000
=2, 20,000
Average net annual benefit, Rs. = (custom fee h! - Total cost of operation ht) x

Annual utility rate, h
=(1199.32 — 495.00) x 250
= 176080
Therefore, payback period =220000/176080
=1.24 years say 1.50 year
J. Benefit Cost Ratio

Benefit cost per hectare = Cost of manual harvesting — Cost of machine

harvesting

Therefore,

Benefitcost
Cost of machine harvesting

Benefit cost ratio =

Benefit cost per hectare, Rs. ha' = 56250 — 4797 = 51453

B: C ratio = %
4797

=10.7
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ABSTRACT

The tractor drawn root harvester was designed and developed by considering
soil, crop and machine parameters and performance evaluation of the machine was
carried out in the experimental area at KCAET, Tavanur and different farmers’ fields
at Palakkad and Thrissur districts. The developed machine mainly consists of main
frame, power transmission system, digging and soil separator units. The effect of three
blade geometries viz., straight edge, V-type and crescent blades at three rake angles of
15, 20 and 25 deg. and at three forward speeds of 1.5, 2.0 and 2.5 km h! for the
digging unit of the harvester were evaluated in terms of draft, digging efficiency, per
cent damage of tuber/rhizome and fuel consumption of tractor mounted harvester for
harvesting coleus, ginger and turmeric. The best optimal condition was observed at a
forward speed of 2.0 km h' with 20 deg. rake angle for V-type blade. The soil
separator unit of the harvester was evaluated along the digging operation. The soil
separator unit was tested with different operational parameters viz., diameter of crank
40, 60 and 80 mm and spring tension 800, 1200 and 1600 N m™. The best optimal
operational conditions were observed at a spring tension of 1600 N m™ with 80 mm
diameter of crank. The maximum draft of 2009.52 N was recorded in straight blade
while the minimum of 1418.66 N was observed in V-type blade. The maximum
digging efficiency of 99.89 per cent was noticed in V-type blade, whereas the lowest
of 84.15 per cent in straight edge blade. The least damage coleus of 0.59 per cent was
observed in V-type blade whereas highest of 5.5 per cent was obtained in crescent
blade. Among the different type of blades tested, the less fuel consumption of 3.80 | h-
! was noticed for V-type blade, whereas the maximum of 4.98 | h'* for straight edge
blade. In the case of harvesting ginger, the maximum draft of 2176.33 N was recorded
in straight edge blade while the minimum of 1374.31 N was observed in V- type
blade. The maximum digging efficiency of 99.57 per cent was noticed in V-type
blade, whereas the lowest of 80.40 per cent in straight edge blade. The least damage
coleus of 0.86 per cent was observed in V-type blade whereas highest of 6.05 per cent
was obtained in crescent blade. Among the different type of blades, the less fuel
consumption of 3.74 | h™t was noticed for V-type blade, whereas the maximum of 5.19

| h'? for straight edge blade. In the case of harvesting of turmeric, the maximum draft



of 2192.08 N was recorded in straight edge blade while the minimum of 1390.06 N
was observed in V-type blade. The maximum digging efficiency of 99.50 per cent was
noticed in V-type blade, whereas the lowest of 81.91 per cent was recorded with the
straight edge blade. The least per cent damage coleus of 0.74 per cent was observed in
V-type blade whereas highest of 7.3 per cent was obtained in crescent blade. Among
the different type of blades, the less fuel consumption of 4.0 | h™* was noticed for V-
type blade, whereas the maximum of 5.57 | h for straight edge blade. The field
capacity of the machine for coleus, ginger and turmeric were 0.15, 0.16 and 0.16 ha h"
! respectively and the field efficiencies were 86.11, 88.89 and 88.89 per cent
respectively. The soil separation indices of root crop harvester for coleus, ginger and
turmeric were found out as 82.71, 73.22 and 68.82 per cent respectively where as the
conveying efficiencies were 90.70, 87.55 and 89.71 per cent respectively. The
estimated cost of the prototype tractor drawn root crop harvester was as Rs. 60,000.
The cost of operation was found out as Rs. 767.57 per hour. The saving in cost over
root crop harvester for three root crops was 89 per cent. The machine has BEP of 40 h,
PBP as 1.5 years and BCR as 10.7.



