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uchi-tsuku

There is no English word corresponds to “Tsuchi-tsukuri’,

which is not only a traditional but also modern practice to.maintain and improve soil productivity in Japan.

“Tsuchi-tsukuri’ deseribes as ‘producing soil’ in Kanj
Actual practice of Tsuchi-tsukuri’is composed of periodical decp plowing, incorporating well
matured manure (both green and animal) into not only top soil but also subsoil.

‘Producing’ explicitly means caring, conserving, growing soil by farmers.
(® 7/ (® [® O (@ J

We consider a fcasibility ofﬂachicving sustainable agriculturc through prcvcnting

soil and land dcgradation with this uniquc concept of Tsuchi-tsukuri at soil by soil.

SUGANO FARM MACHINERY MFG. CO., LTD.

Head Office : 300, Tenjindai, Mano, Miho-mura, Inashiki-gun, Ibaraki-pref, 300-0405, Japan  hetps://www.sug net.co.jp
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EDITORIAL

Recently, Kubota, Japan’s top agricultural machinery manufacturer, unveiled a prototype hydrogen
fuel cell tractor; a tractor is equivalent to about 60 horsepower. While battery tractors require recharging
when they run out of electricity, the hydrogen fuel cell tractors require the supply of new hydrogen. The
required time for the latter is significantly shorter than the time required to recharge the batteries

Carbon dioxide is a growing problem in the world today, and various efforts are underway around the
world to prevent further increases in carbon dioxide concentrations. One such effort is the use of electric
power and batteries instead of internal combustion engines. Electric cars have already been developed
and mass-produced.in many countries. Recently, however, sales of electric vehicles have been sluggish
in the U.S., Europe, and other regions. Instead of fully electric vehicles, sales of hybrid vehicles, which
combine electric power and engines, are growing.

Power plants are also making various efforts to reduce carbon dioxide emissions, such as the use of
ammonia. As | mentioned earlier, | am not too concerned about the increase in the concentration of car-
bon dioxide. A study of the temperature history of our earth over several million years shows a repeti-
tion of glacial and interglacial periods. This must be due to the cycles of solar activity. There are periods
when the radiation of energy from solar activity decreases and periods when it increases. Therefore, the
carbon dioxide emitted by human use is not thought to be a major cause of global warming.

Currently, the population of the earth has exceeded 8 billion and is still growing. Farmland, which
supports food production for human life, is decreasing in area per capita every year. Under such circum-
stances, land productivity must be increased. The way to increase land productivity is to increase carbon
dioxide concentration and temperature, as can be seen in greenhouse agriculture.

There are many Japanese horticultural farmers who have installed carbon dioxide gas generators in
their facilities. Increasing carbon dioxide concentration is good for agricultural production from a macro
perspective.

Agricultural machinery must be operated efficiently. For this purpose, agricultural information tech-
nology is necessary. Measurement technology is essential to determine what work to do, how to do it,
and when to do it. Energy issues are also inseparable from information technology. New agriculture
requires information technology to accurately grasp the conditions of the soil and plants, and also it re-
quires appropriate tasks at appropriate time by new agricultural mechanization.

New robotization of agricultural machinery is about to begin due to the decrease in the agricultural
labor force. New mechanization is needed to meet the needs of the times.

Yoshisuke Kishida
Chief Editor
March, 2024
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Seishi Ninomiya

President CIGR, Professor Emeritus, the University of Tokyo

As CIGR President, | am delighted to host the CIGR International Con-
ference in May 2024 on Jeju Island, Korea, which is blessed with rich
nature and a pleasant climate.. | would like to express my heartfelt grati-
tude to the many participants from numerous countries and my sincere
appreciation to the local organizing committee members and sponsors
in Korea who have worked tirelessly to prepare for this conference.

This conference is not just an event but a crucial gathering of scientists,
researchers, technicians, and government officials from all over the world.
We are convening to address the pressing challenges of food systems, such
as global food security, provision of safe and quality food, environmental
protection, food loss, water use, rapid decline in farm population, and
stable management of farm households. The urgency to focus on research
and development of agricultural engineering technologies for a sustain-
able and secure food supply has never been greater. The active exchange
of cutting-edge knowledge and innovative solutions at this conference will
undoubtedly pave the way for significant advances in this field.

CIGR's long-standing role over 90 years in fostering collaboration and
recognizing outstanding contributions within the agricultural engineer-
ing community is truly commendable. We believe that the CIGR 2024
conference will further solidify this tradition, foster meaningful connec-
tions, and propel us toward a future of safe and abundant food for all.

Finally, | would like to express my sincere gratitude to AMA (Agricul-
tural Mechanization in Asia, Africa, and Latin America), published by
Shin-norin Co., for its continued support of research and development
in agricultural engineering worldwide.

We eagerly await a successful conference filled with insightful discus-
sions, groundbreaking research, and lasting cooperation. Your partici-
pation will greatly contribute to the success of this event.
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MESSAGE FOR THE 6™ CIGR INTERNATIONAL CONFERENCE 2024

Fedro S. Zazueta
CIGR Secretary General

To all participants of the 6™ CIGR International Congress and friends
of CIGR,

CIGR has reached the milestone of 90 years of service to its constitu-
ents and stakeholders. The "Congrés International du Génie Rural"
was founded in 1930 in Liege, Belgium, by a small group of farsighted
European agricultural engineering scientists from Belgium, France,
Germany, The Netherlands, Spain, Switzerland, and the UK. With time,
CIGR increased its membership and by 2008 it had become an organi-
zation with worldwide representation. During this time, the name of
the organization was changed to "CIGR: International Commission of
Agricultural and Biosystems Engineering".

Since its origins CIGR has focused on addressing problems and im-
proving agriculture, biosystems and the environment through sound,
science-based engineering practice. CIGR's organization and evolution
are reflected in its technical sections, which in turn are organized to
address current and future issues in agriculture, biosystems and the en-
vironment. In its beginning years, CIGR addressed four areas: Land rec-
lamation; Farm buildings; Mechanization; and Scientific Collaboration.

Today, the technical organization of CIGR reflects contemporary prob-
lems along seven areas: Land and Water; Structures and Environment;
Plant Production; Energy in Agriculture; System Management; Biopro-
cesses; and Information Technology. In addition, there are 14 workgroups
comprised of top researchers and industry representatives addressing
specific issues related to the field. Part of CIGR's mission is to provide an
environment were scientific and technical exchanges can take place.

The prime mechanism to achieve this goal are CIGR's International
Conferences and Congresses. | would like to congratulate and encour-
age all attendees to engage in deep discussion and constructive criti-
cism of the issues facing our profession in the 21t century, the science
that will enable us to solve them, and the best ways to implement im-
provements and solutions. Sincerely,

Fedro S. Zazueta

CIGR Secretary General March 20, 2024
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MESSAGE FOR THE 6™ CIGR INTERNATIONAL CONFERENCE 2024

Hyuck-Joo Kim

President, Korean Society of Agricultural Machinery; Professor, Sunchon
National University

Esteemed scholars from Japan and all attendees of the 6th Interna-
tional Conference of CIGR, welcome to Jeju, South Korea. It is my honor
to greet you, and | extend a special welcome to Mr. Yoshisuke Kishida,
who has dedicated over half a century to advancing the agricultural
machinery industry in Japan, East Asia, and globally.

As the president of the Korean Society for Agricultural Machinery, it is
a privilege to host this distinguished gathering. The CIGR International
Conference is a big event for enhancing our network and collaboration
among agricultural engineers worldwide. This year's theme, "Digital
Agriculture," highlights the urgency of sharing the latest research and
technological advancements in agricultural engineering. Amidst the
climate crisis, our collective effort towards sustainable agriculture and
food security is more crucial than ever.

The conference will feature keynote speeches from experts in vari-
ous fields and sessions designed to foster the exchange of research,
experiences, and innovative approaches. We will focus particularly on
addressing global challenges such as climate change, ecosystem con-
servation, and smart agricultural technologies.

Finally, | hope your experience in Jeju, an island renowned for its
beautiful nature and rich culture, will leave you with enjoyable memo-
ries. May this conference contribute significantly to international coop-
eration and friendship in the field of agricultural engineering.

Thank you

With my warm Regards,

HJ Kim
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MESSAGE FOR THE 6™ CIGR INTERNATIONAL CONFERENCE 2024

Yong-Joo Kim

Dean of Office of Research-affairs and Director of Foundation of Re-
search and Business, CEO of CNU Technology Holdings, and Professor of
Dept. of Biosystems Machinery Engineering of Chungnam National Uni-
versity in Republic of Korea

It is with great pleasure that | send my most sincere, profound, and
heartfelt thanks to Mr. Yoshisuke Kishida and his reputed journal AMA
for his tremendous and continuous contribution during the last 6 de-
cades in sciences and research for agricultural mechanization in Asia,
Africa, and Latin America regions. It is my great honourable moment
as a co-editor that AMA offered a special issue on the occasion of
the 6t CIGR International Conference 2024, to be held in Jeju, Korea.
When | received a new copy of AMA magazine, | was extremely happy
not only for the technical information from renowned researchers
worldwide but also impressive improvement of the magazine having
advanced technology in developing countries. Whenever | meet Mr.
Kishida with exciting mechanization thinking. | was pleased to arrange
a similar at Chungnam National University, Korea last August 18, 2023,
and invited him as a speaker. We also attend the meetings of the “Club
of Bologna” in Italy and Germany during EIMA and Agritechnica in the
previous years. The dedication of Mr. Kishida to agricultural mecha-
nization in developing countries is also impressive and inspiring for
young researchers globally. | also celebrated and congratulated him
on the occasion of the 90th anniversary of Shin-norinsha Co., Ltd. on
25" October 2023, and presented a token of appreciation on that mile-
stone. Let us congratulate Mr. Kishida and his team for their dedication
and sacrifice for agricultural mechanization. | wish every success and
fortune for AMA in the future as well as this new special issue on the
occasion of the 6t CIGR International Conference 2024.
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MESSAGE FOR THE 6™ CIGR INTERNATIONAL CONFERENCE 2024

Noboru Noguchi

President of Japanese Association of International Commission of
Agricultural and Biosystems Engineering

On behalf of the Japanese Association of International Commission
of Agricultural and Biosystems Engineering (JAICABE), | am pleasure to
send a message of congratulations on 6th CIGR International Confer-
ence 2024. | am now working as the president of the JAICAB, and we
also promoting international exchanges worldwide.

Looking at the world, it is estimated that the world population will
reach 9.8 billion in 2050, and that the demand for food will increase by
60% of the current level, which will cause an imbalance between the
supply and demand of food in the world, resulting in food shortages
in the future. Furthermore, the labor shortage in agriculture is facing is
common to both developed and emerging countries. The number of
agricultural workers is decreasing, especially the shortage of skilled hu-
man resources is in high demand internationally.

The theme of this CIGR International Conference is “Digital Agricul-
ture” is one of the most important technologies we need to address
for resolving current global food problems. | do hope all the partici-
pants will take this opportunity to communicate and exchange their
opinions and make successful conference.
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MESSAGE FOR THE 6™ CIGR INTERNATIONAL CONFERENCE 2024

Takehiko Hoshi

President, Japanese Society of Agricultural Informatics

On behalf of the Japanese Society of Agricultural Informatics (JSAI),
| extend warm congratulations to you for hosting the 6" CIGR Interna-
tional Conference 2024 in scenic Jeju Island, Korea.

As indicated by the United Nations Population Fund, the global pop-
ulation is projected to reach 8.045 billion by mid-2023 and will con-
tinue to grow. Agronomy and agricultural engineering are expected
to play a bigger role in ensuring a stable food supply for human con-
sumption.

Additionally, due to global warming, agricultural weather disasters
such as droughts and floods are becoming more severe, Consequently,
controlling the release of substances and energy are challenges that
will have a significant impact on the global environment in the future.
We believe that efforts to address this challenge using agricultural sys-
tems and data science will become increasingly important.

In certain countries such as Japan, where the population is declin-
ing and aging, sustaining agricultural systems for food production is
becoming increasingly difficult. In these countries, the impetus for re-
search and development in the digitization of production knowledge
as well as the development and introduction of automated machinery
is gaining importance. Expectations for agricultural informatics to
serve as a foundation for these efforts are growing.

We hope that researchers, engineers, government officials, and oth-
ers involved in agricultural engineering from around the world will
actively engage in lively discussions and make proposals for the future.
The goal is to find scientific and technological solutions to such issues.
We envision that the conference will yield fruitful discussions and lead
to a brighter future for humanity.
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MESSAGE FOR THE 6™ CIGR INTERNATIONAL CONFERENCE 2024

Michihisa lida

President, Japanese Society of Agricultural Machinery and Food
Engineers, Professor, PhD. Graduate School of Agriculture, Kyoto Uni-
versity, Japan

Congratulations on holding the 6™ CIGR international conference in
Jeju, Korea.

| sincerely hope that the first conference will be held successfully
after the restrictions on participation due to the COVID-19. We look
forward to fruitful discussions and exchanges among scientists, re-
searchers, and engineers from around the world regarding the theme
of this conference, “Digital Agriculture (Feed the Future)” .

VOL.55 NO.1 2024 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA
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MESSAGE FOR THE 6™ CIGR INTERNATIONAL CONFERENCE 2024

Dana Osborne Darrin J. Drollinger
President, 2023-2024 Executive Director

American Society of Agricultural and Biological Engineers

Greetings to participants and friends of the 6t CIGR International
Conference.

We at ASABE congratulate you on the 6™ CIGR World Conference
in Jeju, Korea, as CIGR continues to promote dialogue and sharing of
information for the benefit of enhancing sustainable use of natural
resources. In this age of adverse global climate change and accompa-
nying impacts, the role of agricultural and biological engineers, and
those in related fields, take on even more importance.

The challenges faced by our world make it imperative that we
achieve great strides in circularity of the use of resources to provide
food, water, energy, fiber, and a safe environment needed to thrive. We
are encouraged by this conference to improve our knowledge, encour-
age technological innovation, apply our research judiciously, and col-
laborate effectively for the good of all the world’ s population.

Such a great gathering of conference participants is an accomplish-
ment. We extend our best wishes for a satisfying and successful event.
We acknowledge with appreciation the contributions of the organiz-
ers, promoters, and presenters to advance “Digital Agriculture (Feed
the Future).”

Best regards,

AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA 2024 VOL.55 NO.1
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Machine

by
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Principal Scientist
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MTech Student
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Abstract

Onion (Allium cepa, L.) is one
of the important commercially
cultivated vegetable crops grown
throughout India. De-topping is one
of the post harvest operations in
cultivation of onion crop. It is the
removal of onion tops from the har-
vested cured onion bulbs and this is
carried out in the field. It is tedious,
laborious and time consuming op-
eration. Onion de-topping requires
huge labour to an extent of 12.5
man-hrs/t. Mechanization of onion
de-topping will reduce cost of culti-
vation and drudgery. Keeping these
points in view, a power operated on-
ion de-topper was designed and de-
veloped at ICAR-Indian Institute of
Horticultural Research, Bengaluru.
It consisted of a feeding conveyor
for feeding cured onion crop, de-
topping rollers for shearing the tops,
collection chutes for the de-topped
onion bulbs and leaves, main frame
and power transmission system. The
onion de-topper was operated by a

1440 rpm three phase, 2 hp electri-
cal motor with necessary speed re-
duction gear box. The performance
parameters of onion de-topper were
found to be de-topping efficiency of
95.22 + 1.42%, effectiveness of de-
topping of 97.80, percent damage
of 2.30 £ 0.29%, percent non de-
topped onions of 2.56 £+ 0.25% and
capacity of 372.88 + 7.22 kg/h. Cost
of operation of onion de-topping
was Rs. 296.60/tonne against manu-
al de-topping of Rs. 468.75 /tonne.

Keywords: Onion, mechaniza-
tion of onion, de-topping, onion de-
topper.

Introduction

Onion (Allium cepa, L.) is one of
the important commercially culti-
vated vegetable crops grown by all
category of farmers and also con-
sumed worldwide. Onion is not only
for domestic market consumption
but is also as highest foreign ex-
change earner among the fruits and

vegetables. World’s onion produc-
tion is 93.2 million tonnes, led by
China, India, Egypt, United States,
Iran, Turkey and Russia contribut-
ing 26% and 21% by China and
India, respectively™. India exports
onions to Bangladesh, Malaysia, Sri
Lanka, United Arab Emirates and
Nepal.

India produces of 215.64 lakh
MT (2016-17) of onion under the
area of 12.70 lakh haf. India has
exported 1,949,482.67 MT of fresh
onion worth of Rs. 285,782.13 lakhs
(2018-19)E1, Area under onion cul-
tivation and onion production have
increased to an extent of 49.70%
and 39.53% during 2006-07 to 2016-
17. Maharashtra ranks first in on-
ion production (5,786.40 thousand
tons) followed by Madhya Pradesh
(2,403.14 thousand tons.), Karnataka
(1,995.62 thousand tons), Rajasthan
(1,250.64 thousand tons.) and Guja-
rat (1,034.49 thousand tons.)l.

One of the on farm post harvest
operations involved in cultivation
of onions is de-topping. Onions are
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harvested when 50% tops begins to
collapse on the ground but before
the foliage dries down completely.
After digging, the onions are field
cured for 3-5 days, cut the necks for
separation of onions from the tops,
graded, shed cured and stored. Sep-
aration of onion bulbs from tops is
called de-topping, women labourers
are engaged for this operation and
individual onions are de-topped by
sickle thus makes it highly drudgery
(Fig. 1). Hence onion de-topping is
highly labour intensive operations
which requires to an extent of 12.5
woman-hrs/t.

Grishkumar et al. (2015) devel-
oped a power operated onion de-
topper. The machine consisted of
main frame, conveying unit, cut-
ting unit, safety guard and power
transmission unit. The conveying
unit was a set of spiral rollers and
the cutting unit consisted of plain
cutters (two numbers) and one ser-
rated cutter. The plain cutters and
the serrated cutter counter rotated.
The average de-topping efficiency
was observed as 86.59 percent with
315.03 kg/h output capacity. The
power requirement was found to be
0.5 kW The cost of operation was
Rs. 18.84 per quintal®. Mozaffary
and Kazmeinkhah (2014) designed,
constructed and evaluated a onion
topping mechanism. Three types
of onion topping mechanisms viz.,
flail, rotary and roller topper were
designed and tested at three rota-
tional speeds of 1500, 1700 and
2000 rpm. Performance parameters
such as acceptable top percentage,
not acceptable top percentage, not
topped percentage and damaged
bulbs percentage were determined
and analyzed. It was reported that
the flail topper was the most suit-
able mechanism for onion topping
with the results of 87.7% acceptable
top at 2000 rpm in stage one and
83.9% acceptable top at 1500 rpm in
second stagel®.

Rani and Srivastava (2012) de-
signed and developed an onion de-
topper which consisted of a chute

type feeding unit, a belt conveyor,
an oscillating conveyor, rotating fin-
gers, a rotating cutter, main frame
and power transmission system. The
belt conveyor had a speed of 0.53 m/
sec. The oscillating conveyor had
a frame, round rods and a crank
mechanism to facilitate downward
orientation of onion leaves. The cut-
ter provided at the downward side
of the oscillating conveyor could
cut the onion leaves. The onion de-
topper had a capacity of 300 kg/
h with the de-topping efficiency of
79%!. Duane Kido (2006) invented
an orientation system for vegetables
which consisted of rotating rollers
that pull the vegetables into an in-
verted position with leaves top down
and advancement of the vegetable
along the length of the rollers so as
to deliver the vegetable to a cutting
system®. Chen (1994) developed a
de- stemming machine for oranges.
The de-stemmer included a roller-
cutter assembly and an oscillating
conveyor. The roller-cutter assembly
consisted of a pair of 250 mm long
cylindrical cutting units, each made
of a set of eleven 150 mm diameter
parallel disks, 6.4 mm thick and 23.2
mm apart, which rotated at about 70
rpm between each pair of the disks
was a high speed rotating blade that
rotated at a tip speed of 45.5 m/sec.
The blade was 16 mm thick and 144
mm in diameter. The oranges were
get through a simulating hopper,
which are then spun, oscillated and
conveyed forward by the oscillating
conveyor, and conveyed forward
along the cutting cylinders. The
high-speed blades cut any stem that

Fig. 1 Manual onion de-topping in the field

entered the space between the rotat-
ing disks to a length of less than 3
mm. The machine worked best at a
speed of 60 to 75 rpm and conveyor
frequency range of 110 to 120 rpm
de-stemming about 80 to 90 percent
of the oranges!.

The objective of this study was
to design and develop an efficient
power operated onion de-topper
to ensure timeliness in operation,
reduce the input cost and drudgery
involved in the operation.

Material and Methods

2.1 Prototype Onion De-topper

The onion crop parameters in
terms of onion bulb size and thick-
ness of onion top were studied to
design the onion de-topper. From
the review of literature it was in-
ferred that the onion crop has to be
oriented having the onion top down
for de-topping. It was also under-
stood that efficiency of de-topping
should be increased by developing a
suitable efficient de-topping mecha-
nism considering the production
level of onion in India. Accordingly,
the present onion de-topping ma-
chine was designed and developed.
The design and operational param-
eters were also optimized to achieve
highest de-topping efficiency and
capacity. The onion de-topper con-
sisted of (i) conveyor for feeding
onion crop, (ii) de-topping unit, (iii)
collection chutes for the de-topped
onion bulbs and tops, (iv) main
frame and v) power transmission
system (Fig. 2).
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2.1.1 Feeding Conveyor

The feeding conveyor was a belt
conveyor for uniform feeding of the
onion crop to the onion de-topping
unit. This conveyor consisted of i)
two rollers, ii) endless belt, iii) main
frame, iv) enclosure and v) power
transmissions (Fig. 3). The rollers
were fabricated out of 100 mm dia.
M.S pipe and had a length of 400
mm. The endless belt is a canvas belt
having 1000 x 400 x 2 mm (L x W x
T). This belt was fitted to the rollers.
This conveyor belt set was further
mounted on a suitable frame with

necessary bearings and fasteners.
The frame had a dimension of 900 x
500 mm (L x W) and fabricated out
of 40 x 4 mm M.S ‘L’ Section. All
the four sides of the conveyor belt
was provided with enclosures except
at the delivery side of the conveyor.
The enclosure was fabricated out of
1.8 mm thickness M.S. Sheet and
was provided to a height of 250 mm.
2.1.2 De-topping Unit

The de-topping unit is the critical
component of the de-topping ma-
chine which should detop the onion
tops efficiently without damaging

Fig. 2 Drawing of power operated onion de-topping machine

e
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1) Conveyor for feeding onion crop, 2) De-topping
unit, 3) Collection chutes for the de-topped onion
bulbs and tops, 4) Main frame and 5) Power

transmission system

Fig. 3 Drawing of Feeding Conveyor of the power operated onion de-topping machine

1) Rollers, 2) Endless belt, 3) Main frame,
4) Enclosure and 5) Power transmissions

the onion bulbs. Hence the perfor-
mance of the onion de-topping com-
pletely depended on the design of
the de-topping component of the de-
topping machine. The de-topping
unit consisted of (i) set of de-top-
ping rollers, (ii) main frame and (iii)
power transmission system (Fig. 2).
The de-topping unit is a set of roll-
ers comprising one helical roller and
the other one a plain roller. The he-
lix angle was designed to de-top the
onion bulbs leaving the top less than
25 mm (Chauhan et al., 19951%),
Detopping tools with three helix
angles viz. 75°, 80° and 85° were de-
signed, fabricated and performance
was evaluated. Each helical roller
was fabricated out of M.S. shaft
having 20 mm and 735 mm length.
The details of the helical rollers are
shown in Figs. 4(a-c). The plain
roller was a G.l. Pipe having 600
mm length, 50 mm diameter and 3
mm thickness. Eight such set of roll-
ers were fabricated and mounted on
a main frame. A gap of 2 mm was
provided between the rollers. Exper-
iment was conducted to study the
effect of three different helix angles
of detopping tool on performance
parameters of onion detopping in
term of (i) detopping efficiency, (ii)
percent damage, (iii) effectiveness
of detopping and (iv) detopping ca-
pacity. Freshly harvested and cured
onion crop was procured from farm-
er’s field of Village of Kadur (Dt.).
The design of experiment was Com-
pletely Randomised Design with ten
replications and the sample size was
5 kg. The observations recorded
were (i) weight of detopped onions,
(i) weight of undetopped onions,
(iii) weight of damaged onions and
(iv) time taken to reach the delivery
chute. The results was statistically
analysed using statistical tool*Y,
The optimized detopping tool de-
sign was used in the detopping unit.
A frame was fabricated out of
M.S angles section of 40 x 40 x 5
mm having 1000 mm length and
700 mm width. This frame was
mounted at an angle of 9 degree
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slope with reference to the ground.
The rollers were fitted on this frame
with suitable bearings and fasteners.
The rollers were driven by sprocket
and chain system and were counter
rotated. The rollers were enclosed at
both the sides (lengthwise) and this
enclosures were fabricated out of 1
mm thickness M.S. Sheet.
2.1.3 Collection Chutes for the De-
topped Onion Bulbs and Tops

Collection chute was fabricated
out off M.S sheet of 1 mm thickness
having trapezoidal shape for direct-
ing the de-topped onion bulbs into
the crates. The collection chute had
a dimension of 530 mm width at the
upper end, 150 mm at the lower end,
680 mm length and 200 mm height.
This was fitted to the main frame
at angle of 740 in order to have the
free fall of the de-topped onion
bulbs. A tray to collect the detopped
onion leaves was fabricated was fit-
ted below the rollers (Fig. 2).
2.1.4 Main Frame

The main frame of the machine
was fabricated out of M.S. angle
section of 40 x 40 x 5 mm. Four
numbers of swivel type caster
wheels of 150 mm diameter and
50 mm width were provided for
easy mobility of the machine. The
feeding conveyor, de-topping unit,
collection chute for de-topped on-
ion bulbs, collection tray for onion
tops, power transmission systems,
and electric motor were fitted to the
main frame. The frame was well
braced to mount and support other
parts of the machine (Fig. 2).
2.1.5 Power Transmission System

A three phase, 1440 rpm, 2 hp
electric motor was mounted on the
main frame with necessary supports
and gearbox of 1:5 reduction was
fitted to the motor. A power train
system was fabricated as shown in
Fig. 2 to transmit power (i) to plain
rollers with chain and sprocket sys-
tem to rotate the rollers in clock-
wise direction, (ii) to helical rollers
with chain and sprocket system to
rotate the rollers in anti-clockwise
direction, (iii) feeding conveyor.

2.2 Evaluation of Performance of
Onion Set Planter

The performance of the power
operated prototype onion de-topper
was evaluated at Agricultural Engi-
neering Workshop of ICAR-Indian
Institute of Horticultural Research,
Bengaluru. One hundred kilogram
of cured onion were procured from
the farmers field and performance of
the power operated onion de-topper
was evaluated. Moisture content of
the onion bulb and onion tops were
84.11 + 0.88 % and 17.18 + 1.82 %,
respectively. Twenty replications
having sample of each 5 kg cured
onion crop were weighed, counted
and kept in separate trays. Each
sample was fed manually through
the feeding conveyor. The obser-
vations recorded were (i) weight
of onions de-topped, (ii) weight
of onion neck length of de-topped
onion bulbs, (iii) weight of dam-
aged onions, (iv) weight of non de-
topped onion crop collected in the
onion bulb collection tray and (v)
time taken to de-top the onion crop.
From data the performance param-
eters (i) de-topping efficiency, (ii)
effectiveness of de-topping, (iii) per-
cent damage and (iv) capacity were
determined by using the following
formulae.
2.2.1 De-topping Efficiency

De-topping efficiency was deter-
mined by using the following for-

mula.

De-topping efficiency, % = (No. of
detopped onion collected at the
de-topped onion bulbs collection
chute per unit time) / (Total no. of
onions fed) x 100 1]

2.2.2 Effectiveness of De-topping

Effectiveness of de-topping unit
was determined by using the follow-
ing formula. This was required to
study how effectively the de-topping
unit could de-top the onion bulb
with required length of onion leaves
(Chauhan et al. (1995) and Singhal
(2000y).

Effectiveness of de-topping = (No.
of de-topped onions with leaf
length < 25 mm) / (Total no. of
de-topped onions) x 100 2]

2.2.3 Percent Damage

It was estimated by separating
the damaged de-topped onion bulbs
from the sample collected at the
outlet. It was calculated by using the
following formula.

Percent damage, % = (No. of dam-
aged onion bulbs collected at the
de-topped onion bulbs collection
chute per unit time) / (Total no.

of onions fed) x 100 [3]
2.2.4 Percent Non De-topped On-
ion Crop

Few onion crops passed the de-
topping unit without getting de-
topped. This percent escapes was
calculated as follows:

Percent non de-topped onions, %

Fig. 4 Helical roller

a) Helix angle — 75°

e

b) Helix angle — 80°

]
1

¢) Helix angle — 85°
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= (No. of non de-topped onion
crop collected in the de-topped
onion bulbs collection chute per
unit time) / (Total no. of onions
fed) x 100 [4]
2.2.5 Capacity
The de-topping capacity was cal-
culated by weighing the de-topped
onion bulbs collected per unit time
in the de-topped onion bulbs collec-
tion chute of the machine.
De-topping capacity, kg/h =
(Weight of onion bulbs collect-
ed in the collection chute, kg) /
(Time Taken, h) x 100 [5]

2.3 Cost Economics

The fixed and variable costs for
operating onion detopping machine
per hour was calculated as per the
procedure described by 1S:9164-
19791, From the capacity of the
machine, the cost of operation per
hectare was calculated. This cost
was compared with cost incurred by
conventional detopping practice and
the cost saved was worked out.

Results and Discussion

3.1 Power Operated Onion De-
topper

The developed power operated
onion consisted of (i) Feeding con-
veyor - to feed the cured onion

Fig. 5 Power operated onion de-topping machine

crop to the de-topping unit, (ii) De-
topping unit - to shear the onion
tops and separate the leaves and
onion bulbs, (iii) Collection chutes
for de-topped onion bulbs and tops
and iv) power transmission systems
(Fig. 5). The feeding conveyor had
a speed of 5.65 m/min. The feed-
ing conveyor ensured positive and
uniform conveying and feeding of
cured onion crop to the de-topping
unit. The enclosures provided for
the feeding conveyor prevented the
spilling of cured onion crop while
loading the feeding conveyor. This
ensured the estimated capacity of
the de-topping machine. This enclo-
sure also would act as a safeguard
to the worker.

3.2 Experiment to Optimize the
Detopping Tool Design

As the helix angle would have
effect on the performance of the
detopping of onion crop, experiment
was carried out as explained Sec-
tion 2.1. The results are presented in
Figs. 6(a-d). When the helix angle
increased from 75° to 85° with an
increment of 5°, it was observed that
the detopping efficiency, effective-
ness of detopping and detopping
capacity increased from 93.59 % to
95.69%, 97.11% to 98.15%, 329.20
kg/h to 370.60 kg/h, respectively.
Whereas, percent damage decreased

[

(1) Feeding conveyor, (2) De-topping unit, (3) Collection chutes for de-opped onion
bulbs and tops and (4) power transmission systems

from 6.62% to 2.56%. However, it
was observed that different helix
angles did not have effect on detop-
ping efficiency and effectiveness
of detopping (Table 1). As all the
designs basically has helical cutting
edge, the design could successfully
secure the onion bulbs (which are
spherical in shape) and shear the
leaves near to the neck of onion
bulbs.

Further, it was observed that
different helix angles had highly
significant effect on percent dam-
age and capacity. Highest detopping
capacity of 370.60 kg/h was re-
corded at 85° helix angle, followed
by 340.70 kg/h at 80° and 329.20
kg/h at 75° helix angle. Similarly,
highest damage of 6.62% was re-
corded at 75° helix angle followed
by 4.83% at 80° and 2.56% at 75°
helix angle. This might be due to the
reason that, at lesser helix angle the
detopping tool has a shape nearer to
roller. The pitch of notch increased
with an increment of 2 pitches for
the above mentioned helix angles.
Hence, the detopped onions were
held for slightly extended duration
even after completion of detopping
function. With the increase in helix
angles, the cutting edge could only
shear the onion leaves and further
does not hold them. Thus, the cut-
ting edge having higher angle w.r.t
roller axis, could quickly and effi-
ciently shear the leaves, further con-
tributed to achieve higher detopping
efficiency of 95.69% and detopping
capacity of 370.60 kg/h.

3.2 Performance Evaluation of the
Power Operated Onion De-topper

The developed de-topping unit
with the standarised detopping tool
was mounted on the main frame.
Each set rollers were mounted with
a clearance of 2 mm as the thick-
ness of onion top ranged from 7.14
+ 0.48 mm to 10.65 £ 0.62 mm. The
cured onion crop was fed by the
feeding conveyor to the de-topping
unit. Due to counter rotating of the
plain and helical rollers, the onion
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tops were pulled in between the roll-
ers and made an orientation of tops
down position. The sharp edges of
the helical rollers further de-tops
the onion tops and the onion tops
dropped down. Due to plurality of
the rollers, the rollers conveyed the
de-topped onion bulbs further for
delivery. The plurality of rollers also
ensured higher chances for de-top-
ping the onion tops before the onion
crop reached the delivery. The clear-
ance provided was found suitable
for onion tops having moisture con-
tent range from 17.18 % (Chittappa,
2016)1*2 to 32.60 % (Grishkumar,
2012)®1. Though the thickness of the
onion top varied from 7.14 + 0.48
mm to 10.65 + 0.62 mm depending
on the moisture content, this de-
topping mechanism was able to de-
top the onion tops effectively.

The de-topped onion tops were
collected by the collection tray pro-
vided below the onion de-topping
unit and de-topped onion bulbs
were collected in crates which were
guided by collection chute (Fig.
5). The machine was operated by a
three phase, 2 hp, electrical motor
with reduction gear box (1:5 ratio).
As three power transmission sys-
tems were required viz., i) for plain
rollers to rotate clock wise direc-
tion, ii) for helical rollers to rotate
anti-clockwise direction and iii) for
feeding conveyor, a common power
transmission was drawn from the
main power source. Further, the
power transmission systems were
provided for each units from the
common power transmission system
(Fig. 5). Accordingly the plain roll-
ers rotated with a peripheral speed
of 0.27 m/sec at clockwise direction,
helical rollers rotated with a periph-
eral speed of 0.5 m/sec at anticlock
wise direction and the feeding con-
veyor at 5.65 m/min speed.

The performance of power oper-
ated onion de-topper was evaluated
and was found to be 95.20 + 1.42%
of detopping efficiency, 97.80 %
0.00% of effectiveness of detopping,
2.30 £ 0.29% of percent damage and

Table 1 ANOVA for Effect of helix angle of detopping tool on Performance

parameters of detopping machine

Helical Angle Bsﬁtgipe Fr)::}? Percent damage Eﬁg:;g;;?; of Capacity
75° 9.73 2.75 9.91 329.20
80° 9.76 2.41 9.93 340.70
85° 9.83 1.87 9.96 370.60

CD (p=0.01) - 0.21 — 14.36
SeM 0.04 0.07 0.02 4.92
CcVv 1.36 9.73 0.48 4.49

372.88 + 7.22 kg/h of capacity. The
machine could save about 37% of
cost of operation against the present
method i.e by manual detopping.

Conclusions

A power operated onion de-
topper was designed and developed
at ICAR-Indian Institute of Hor-
ticultural Research, Bengaluru to
de-top the tops of harvested onion
crop. The major components were i)
feeding conveyor - to feed the cured
onion crop to the de-topping unit,
ii) de-topping unit - to cut the tops
of harvested onion crop; separate

the tops and onion bulbs, iii) col-
lection chutes for de-topped onion
bulbs and tops and iv) power and
power transmission systems. The
de-topping unit consisted of a set
of rollers which was a critical com-
ponent comprised of helical roller
and plain rollers. The machine was
operated by a three phase, 2 hp,
electrical geared motor. The ma-
chine had a capacity of 372.88 kg/
h against the manual method of 80
kg/h/person. The performance pa-
rameters of the power operated on-
ion de-topper were found to be de-
topping efficiency as 95.20 percent,
percent damaged onions as 2.30%
and percent non de-topped onions

Fig. 6 Effect of Helix Angle

7 Percent damage, %
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(b) Effect of helix angle on percent
damage of onion detopping machine
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was 2.50%. The saving in the cost
of onion crop de-topping by using
the onion de-topper is 37 percent
against the cost associated with the
conventional method.
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Abstract

Four paddy threshers; namely
power operated thresher-cum-
winnower, power-tiller operated
thresher, tractor operated thresher
and tractor operated half feed
thresher were evaluated with three
varieties of paddy at three levels
of grain moisture content. Their
performances were compared with
conventional methods i.e. hand beat-
ing and bullock treading. Threshers
were evaluated with respect to out-
put capacity, threshing efficiency,
cleaning efficiency and grain losses.
It was found that with increase in
grain moisture content, the output
capacity, the percentage of un-
threshed grain and total grain losses
increased while the percentage of
grain breakage decreased for all
the threshing methods used. Maxi-
mum output capacity was observed
in case of tractor operated paddy
thresher while it was minimum in
case of conventional hand beating.

Aswini K. Goel

Professor

Dept. of Farm Machinery & Power,

College of Agricultural Engineering & Technology,
OUAT, Bhubaneswar - 751003, INDIA

Debaraj Behera
Professor & Head

Introduction

Paddy (Oryzasativa L.) is an an-
cient and most important cereal crop
cultivated in more than 110 countries
in the world with a total production
of 769,658 thousand tonnes (World
Agricultural Statistics, 2019). In-
dia is the largest grower of paddy
in terms of area with about 43.95
million hectares producing about
110.15 million tonnes of rice and
approximately 166 million tones of
straw (Indian Agricultural Statistics,
2015-16). In Odisha, about 70% of
the population depend on agricul-
ture. Out of the total cultivable land
of 61.80 lakh hectare, paddy covers
38.80 and 3.00 lakh hectare in Khar-
if and Rabi season respectively. Odi-
sha produces 115.35 lakh tonnes of
paddy and about 177.46 lakh tonnes
of straw (Anonymous, 2014-15).

Threshing is required to detach
the grains from the bundle of pan-
icles of any cereal crop. Threshing
methods affect grain loss and dam-
age. Paddy could either be manually
or mechanically threshed (Amposah

Dept. of Farm Machinery & Power,
College of Agricultural Engineering & Technology,
OUAT, Bhubaneswar - 751003, INDIA

et al., 2017). The output of manual
threshing is up to 30 kg of grain per
man-hour depending on the vari-
ety of paddy (Appiah et al., 2011).
The manual threshing method is
popular due to its low cost; however
quantitative and qualitative losses
can be as high as 20-30% (Rickman
et al., 2013). A study conducted to
find the effect of machine and crop
parameters revealed that when grain
moisture content increased, total
un-threshed grain increased and
grain damaged decreased (Naik et
al., 2010).Also they found that the
threshing methods have significant
effect on rice quality. The percent-
age of grain damage, un-threshed
grains, germination rate and storage
life depend upon threshing methods
(Miah et al., 1994).

Factors like labour shortage, low
quality yield, low output and huge
loss of grains forced the farmers to
shift towards mechanical thresh-
ing. Small and marginal farmers of
the state use conventional thresh-
ing methods like hand beating and
bullock treading. At present, power
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operated thresher-cum-winnower,
power tiller operated thresher and
tractor operated paddy threshers
are used by progressive farmers
across the state of Odisha. In both
power tiller and tractor operated
threshers, chopped straw are dis-
charged which are of mostly no use.
The discharged straw is generally
burnt in the field itself which cause
environmental pollution as well as
soil degradation. The farmers who
require whole straw for thatching
houses and mushroom cultivation
are using only hold on type power

Ti: Power operated thresher-cum-
winnower

me

Fig. 1 Threshing methods used for study

threshers operated by 1.0 hp electric
motor, but these type of threshers
have very low capacity ranging from
150-180 kg/h and threshed material
needs further cleaning. In order to
avoid burning of straw and wastage
of chopped straw, recently tractor
operated half feed thresher is being
introduced in the state. This thresher
discharges whole straw which can be
used by farmers for mushroom culti-
vation, cattle feed, thatching of roofs
etc. By using this thresher, farmers
can generate additional income by
selling straw bundles. The objectives

' Te: and’bea |g method

of this present study is to evaluate
the performance of all these thresh-
ers available in the state of Odisha
with respect to their output capacity,
threshing efficiency, cleaning effi-
ciency, percentage of broken grain,
blown grain and un-threshed grain
with different varieties of paddy at
different grain moisture content and
to compare their economics of use.

Material and Methods

This study was carried out in vil-
lage Sanabhimdaspur and Balanga
of Puri district, village Gania of
Nayagarh district and village Tan-
gibanta of Khurda district. Three
varieties of paddy namely Swarna,
Lalat and Hasanta were used in
this study. The moisture content of
paddy grain and straw were deter-
mined by standard hot air oven at
105 °C. The study was conducted
at three levels of grain moisture
content ranging from 13-16%. The
six threshing methods used in this
study were power operated thresher-
cum-winnower (T,), power-tiller op-
erated thresher (T,), tractor operated
thresher (T5), tractor operated half
feed thresher (T,), bullock treading
(Ty)and conventional hand beating
(Te) (Fig. 1). The specifications of
the threshers and crop parameters
used in the study are presented in
Table 1 and Table 2 respectively.

The performance of the threshers
were evaluated with three paddy
varieties at three levels of moisture
content and parameters like output
capacity, threshing efficiency, clean-
ing efficiency, percentage of un-
threshed grains, broken grain and
blown grain were measured as per
relevant Indian standard test code
(IS 6284:1985).The performance of
these threshers were compared with
conventional threshing methods.
The cost economics of all these
threshing methods were computed
and compared.
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Output Capacity
It is the mass of grain mixture
received at all grain outlets when
collected at rated input capacity. It
is expressed in kg ht.
Output capacity = threshed grain
at main grain outlet (kg) / dura-
tion of test run

Threshing Efficiency

The un-threshed grains from all
outlets with respect to total grain
input, expressed as percentage by
mass.

Percentage of un-threshed grains
= (W/W) x 100

where,

w = Quantity of un-threshed
grain from all outlets per unit
time

W = Total grain input per unit time.

Threshing efficiency = 100 — Per-

centage of un-threshed grains

Broken Grains

Broken grains include wholly or
partially cracked or broken grain
which is collected from all grain out-

from all outlets per unit time.
I = Total grain input per unit time

Blown out Grain

It is the ratio of the quantity of the
grain blown out to the quantity of
the total grain input by weight.

Blown out grain (%) = (G/A) x 100

where,

G = Quantity of clean grain ob-
tained at bhusa outlet per unit
time

A = Total grain input.

Total Losses

Total loss is determined by adding
loss due to un-threshed grain, loss
due to blown grain and loss due to
broken grain expressed in terms of
percentage.

Total loss = un-threshed grain +

broken grain + blown grain

Experimental Design

The experiment was conducted by
using 3-factor CRD and each treat-

Table 2 Crop parameters

ment was replicated thrice.

Results and Discussion

The performance of the paddy
threshers under study with respect
to the dependent parameters like
output capacity, threshing efficien-
cy, cleaning efficiency, percentage
of un-threshed grain, percentage
of blown grains and percentage of
grain damage were analysed in ac-
cordance with 3-factor completely
randomized design of experiment
and their performances were com-
pared with the conventional meth-
ods. The results obtained are pre-
sented in Table 3 and the analysis
of variance (ANOVA) of the above
parameters is presented in Table 4.

Output Capacity

The output capacity varied from
136.91 to 141.12 kg/h for power op-
erated thresher-cum-winnower (Ty),

lets with respect to total grain input sl
expressed as percentage by mass. No. Parameters Values
Visible grain damage (broken 1 | Variety Swarna Lalat Hasanta
grains) = (B/I) x 100 2 | Grain/crop ratio 0.38 0.36 0.41
where, 3 | Length of crop fed, cm 82 89
B = Quantity of broken grain 4 | Moisture content of grain, %| 13.2, 14.4, 15.7| 13.6, 14.2,15.9| 13.1, 14.9, 15.5
5 | Moisture content of straw, %| 14.4, 15.6, 16.5| 14.5, 15.6, 16.8| 14.2, 16.1, 16.9
Table 1 Specification of threshers
Sl. Power operated Power tiller operated Tractor operated Tractor operated half
Parameters thresher-cum-
No. ; thresher thresher feed paddy thresher
winnower
1 Type of machine Hold-on Throw-in Throw-in HoId-_on (feeding by
chain conveyor)
2 Make Brundabe}njew Bidisha Enterprises Pvt. Vardhman Agencies Jasoda Agro Works
Enterprises Ltd.
3 | Overalldimension 1660 x 825 x 1265 | 2120 x 1480 x 1610 | 4045 x 2160 x 2530 | 3650 x 2570 x 2530
(L x W x H) (in mm)
4 | Weight (kg) (including 75 548 1470 1,060
transport wheels)
5 Power source 1.0 hp motor 13 hp power tiller 42 hp tractor 42 hp tractor
6 Power transmission Through V-belt & Through V-belt & Through V-belt & Through V-belt &
system pulley pulley pulley pulley
7 Threshing cylinder Wire loop Spike tooth Spike tooth Wire loop
8 Crop feeding type Manual Manual Manual Manual
9 Transport wheel Hard rubber wheel Pneumatic wheels Pneumatic wheel Pneumatic wheels
P (140 x 40) mm (5.65 x 12.00) (7.00 x 19.00) (6.5 x 17.00)
10 Cost (INR) (2019) 26,175 100,000 160,000 180,000
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Table 3 Performance of different threshers at three levels of grain moisture content

Grain-

Grain

Straw

. . . Output Losses, % Efficiency,%
Threshing Variety crop moisture | moisture capacity,
methods ratio, content, | content, kg/h ' un- Broken | Blown Total Threshing Cleaning
% % % threshed | grain grain losses
13.2 144 13691 | 1.4 0.59 0.05 2.04 986  97.67
Swarna | 38 14.4 156 13875 | 2.2 0.56 0.03 2.79 97.8  96.23
Power 15.7 165 14044 | 2.9 0.52 0.03 3.45 97.1 9534
operated 136 145 13532 | 188 0.62 0.06 256 | 9812  96.95
thresher-cum | Lalat 36 14.2 15.6 137.22 2.68 0.59 0.05 3.32 97.32 95.99
winnower 15.9 168 13971 | 3.8 0.53 0.04 375 | 96.82 9513
(T 13.1 142 13723 | 1.05 0.48 0.04 157 | 9895  98.06
Hasanta| 41 14.9 161 13943 | 184 0.41 0.03 228 | 9816  97.11
155 169 14112 | 2.03 0.36 0.02 241 | 9797  96.98
13.2 144 3306 | 277 0.74 0.85 436 | 9723  96.23
Swarna | 38 14.4 156 33212 | 3.35 0.7 0.8 485 | 9665 952
15.7 165 33516 | 6.86 0.68 0.74 828 | 9314 9411
Power tiller 136 145 32924 | 311 0.81 0.91 483 | 9689  96.01
operated Lalat 36 14.2 156 33141 | 4.46 0.75 0.85 6.06 | 9554 95

thresher (T,) 15.9 168  334.89 | 6.01 0.69 0.79 749 | 9399  94.05
131 142 33167 | 235 0.65 0.5 35 97.65  97.89
Hasanta | 41 14.9 16,1 33348 | 3.5 0.59 0.45 409 | 9695  97.12
155 169  336.95 | 3.85 0.52 0.41 478 | 9615  96.23
13.2 144 1,320.88| 1.5 1.24 111 3.9 9845  99.93
Swarna | 38 14.4 156  1,323.92 | 374 121 1.08 603 | 96.26  98.89
15.7 165 1,326.96| 5.98 1.17 1.04 819 | 9402  97.87
Zgz‘g‘:; . 136 145 1319.32| 215 1.56 115 486 | 9785  98.19
thresher () | L2t 36 142 156  1,322.41| 3.6 1.34 1.11 571 | 96.74  97.32
15.9 168 1532599 | 6.04 1.29 1.07 8.4 93.96  96.67
13.1 142 132178 1.01 1.12 1.04 317 | 9899  99.75
Hasanta | 41 14.9 161 1732456 2.15 1.05 0.97 417 | 97.85  98.95
155 169 1,328.11| 376 0.97 0.89 562 | 9624  98.15
13.2 144 28908 | 2.63 2.38 2.87 788 | 9737 9595
Swarna | 38 14.4 156  291.56 | 4.18 2.32 2.84 934 | 9582  94.87
15.7 165  293.98 | 6.21 2.27 2.8 1128 | 9379  93.83
Igz‘;;‘;; o half 136 145 28865 | 3.88 2.54 2.95 937 | 9.12 9416
foed thresher | La1 36 14.2 156 29023 | 5.64 2.43 2.9 1097 | 9436  93.25
M) 15.9 168 29215 | 7.73 2.38 284 1295 | 9227  92.98
13.1 142 29032 | 2.05 2.05 2.35 645 | 97.95  96.14
Hasanta| 41 14.9 161  292.87 | 376 1.96 2.16 788 | 96.24 9523
155 16.9 29445 | 4.9 1.89 1.95 8.74 951  94.45
13.2 144 12162 | 4.68 5.67 543 1578 | 9532 9354
Swarna | 38 14.4 156 12573 | 6.86 5.54 497  17.37 | 9314 9267
Bullock 15.7 165 12856 | 7.35 495 435 1665 | 9265 9178
:‘LT?:\/I\/Z% (bT;) 136 145 12012 | 535 592 535 1662 | 9465  92.67
winnowing Lalat 36 14.2 156  124.23 | 7.46 5.83 518 1847 | 9254  91.76
by bamboo 159 168 12687 | 7.85 5.1 503  17.98 | 9215  90.24
swing basket 131 142 12365 | 4.05 5.07 496 1408 | 9595 9512
Hasanta | 41 14.9 16,1  127.24 | 558 4.95 424 1477 | 9442 9462
155 169 13012 | 6.31 4.62 399 1492 | 9369  93.89
13.2 144 1453 | 1.25 3.54 3.65 844 | 9875  96.73
| Swarna | 38 14.4 156 1568 | 201 3.03 2.98 802 | 97.99 9554
Hand beating 15.7 16.5 16.72 2.85 2.91 2.15 7.91 97.15  94.87
332?1‘; 136 145 13.27 1.85 3.79 3.89 953 | 9815 9519
Winnowing Lalat 36 142 156 1415 | 248 3.24 3.16 888 | 9752 9423
by bamboo 15.9 168 1576 | 3.11 3.06 2.98 915 | 96.89  93.45
swing basket 13.1 142 1592 | 1.01 3.02 2.95 6.98 | 9899  96.29
Hasanta | 41 14.9 161 1614 | 215 2.83 2.12 7.1 97.85  95.65
155 169 1739 | 265 212 1.84 661 | 97.35  94.87
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330.6 to 336.95 kg/h for power tiller
operated thresher (T,), 1,320.88 to
1,328.11 kg/h for tractor operated
thresher (T,), 289.08 to 294.45 kg/
h for tractor operated half feed
thresher (T,), 121.62 to 130.12 kg/h
for bullock treading (Ts) and 14.53
to 17.39 kg/h for hand beating when
grain moisture content varied from
13.2 to 15.7% for Swarna; 13.6 to
15.9% for Lalat and 13.1 to 15.5%
for Hasanta variety respectively
(Table 3). The output capacity was
found to be maximum in case of
tractor operated thresher while it
was minimum in case of conven-
tional method. Highest output ca-
pacity of tractor operated thresher

is due to its higher feed rate which
was possible due to its proper size
of feeding chute and threshing
drum size. It was observed that
the output capacity increased with
increase in grain moisture content
for all the threshing methods for all
paddy varieties but it did not vary
significantly for a particular thresh-
ing method. The effect of threshing
methods, variety and grain moisture
content have significant effect on
output capacity of all the threshing
methods. The interaction of thresh-
ing methods, variety and grain
moisture content on output capacity
was also found to be significant for
all the treatments.

Table 4 Analysis of variance of dependent parameters studied

Threshing Efficiency

Threshing efficiency varied from
96.82 to 98.60 % for T,, 93.14 to
97.65% for T,, 93.96 to 98.45 % for
Ts, 92.27 to 97.95 % for T,, 92.15 to
95.95% for T; and 96.89 to 98.99%
for T, when grain moisture content
varied from 13.2 to 15.7% for Swar-
na variety; 13.6 to 15.9% for Lalat
variety and 13.1 to 15.5% for Hasan-
ta variety respectively. Threshing ef-
ficiency of all the threshing methods
decreased as the grain moisture con-
tent increased for all paddy varieties.
This may be due to the fact that un-
threshed grain increased with in-
crease in moisture content and hence
threshing efficiency decreased.

Fcal
Capacity | Un-threshed | Broken grain | Blown grain | Total losses | Threshing | Cleaning
Factor A 5 4,127,352.9225™| 6,400.0541™ 11,327.5234™ 300,275.9447" 1,251,938.3262"| 5,295.2387™ 1,951.0052"
Factor B 2 47.4938™ 2,619.9577" 357.6608™  11,987.5843™ 174,140.8969™| 2,146.4272™ 985.0965™
Factor C 2 200.1072™ | 9,022.6176™  158.4336™  5,472.3968™ 119,467.7830™ 7,042.1584™  861.1002™
AB 10 0.4748 84.3087 7.6373" 923.2583™  1,621.5742™ | 102.6949™ 47.5509™
AC 10 4.8268™ 212.2770™ 15.7373™ 1,085.0208" 14,282.2398™ | 229.1774™ 1.3475
BC 4 0.1061 75.5454™ 221147 217.0520™  2,585.7067" | 105.8539™ 7.3564*
ABC 20 0.1660 29.6675™ 2.6052™ 93.1270™ 1,057.0971™ 32.3234™ 2.7079™
Factor A: (Threshing methods), Factor B: (Variety), Factor C: (Moisture Content),
Fig. 2 Effect of grain moisture content on output capacity
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Percentage of un-threshed grain
increased because at higher grain
moisture content, grains are attached
with the panicle more rigidly as
compared to dry grain. This result is
in agreement with Naik et al. (2010).
The effect of threshing methods,
variety and grain moisture content
has significant effect on threshing ef-
ficiency. The interaction of threshing
methods, variety and grain moisture
on threshing efficiency were found
to be highly significant.

Cleaning Efficiency

Cleaning efficiency varied from
95.13 to 98.06% for T,, 94.05 to
97.89% T,, 96.67 to 99.93% for T,
92.98 to 96.14% for T,, 90.24 to
93.89% for T and 93.45 to 96.73%
for Téwhen grain moisture con-
tent varied from 13.2 to 15.7% for
Swarna; 13.6 to 15.9% for Lalat and
13.1 to 15.5% for Hasanta variety
respectively. It was observed that
cleaning efficiency of all threshing
methods decreased with increase in
moisture content for all paddy variet-
ies. It may be due to the reason that
at higher moisture content, chaff and
foreign particles needs higher wind
velocity to be blown out. The highest

cleaning efficiency of 99.93% was
observed with tractor operated paddy
thresher and this may be due to the
provision of higher number of aspira-
tors (3 nos.) and side blowers at main
grain outlet. The effect of threshing
methods, variety and moisture con-
tent on cleaning efficiency is found
to be highly significant. The interac-
tion of threshing methods and grain
moisture content and the interaction
of variety and moisture content on
cleaning efficiency were also found
to be highly insignificant.

Broken Grain

Broken grain varied from 0.36
to 0.59% for T,, 0.52 to 0.74 for T,,
0.97 to 1.24% for T,, 2.38 to 1.89 to
2.27% T,, 4.62 t0 5.67 % T; and 2.12
to 3.79% for T, when grain moisture
content varied from 13.2 to 15.7%
for Swarna; 13.6 to 15.9% for Lalat
and 13.1 to 15.5% for Hasanta va-
riety respectively. It was observed
that the percentage of broken grain
for all the threshing methods de-
creased as the moisture content
increased. This may be due to the
reason that at higher grain moisture
content grain can sustain higher
impact force as compared to dry

grain. This result is in agreement
with Naiket al. (2010). The broken
grain percentage was maximum in
case of bullock treading where as it
was least in case of power operated
thresher-cum-winnower. Higher
broken grain in bullock treading
may be due to repeated trampling
of grains by bullocks. The effect
of threshing methods, variety and
moisture content on broken grain
were found to be highly significant
whereas the interaction of variety
and grain moisture content on bro-
ken grain percentage were insignifi-
cant at 5% level of significance.

Blown Grain

Percentage of blown grain varied
from 0.02 to 0.06% for T,, 0.41 to
0.91% T,, 0.89 to 1.11% T,, 1.95 to
2.87% T,, 3.99 t0 5.43% T, and 1.84
to 3.65% T, when grain moisture
content varied from 13.2 to 15.7%
for Swarna; 13.6 to 15.9% for Lalat
and 13.1 to 15.5% for Hasanta va-
riety respectively. Percentage of
blown grain are maximum at lower
grain moisture content for all the
threshing methods and it decreased
with increase in moisture content
and this may be due to the reason

Fig. 4 Effect of grain moisture content on cleaning efficiency
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that at higher grain moisture, grains
are heavier and at particular wind
speed tends to overcome the termi-
nal velocity. The effect of threshing
methods, variety and moisture con-
tent on percentage of blown grain
were found to be highly significant
and the interaction of threshing
method, variety and grain moisture
content on blown grain percentage
was also significant.

Cost of Operation

The cost of operation of threshing
methods were computed as per IS
test code (IS: 9164-1979). The high-
est cost of operation ($15.72/h) was
found for T, due to its higher cost
while minimum ($0.52/h) was with
Ts (Table 5). The highest threshing
cost of $5.43/q was found with T,
due to its lower output capacity as
compared to its cost of operation
and minimum with T,. Although the
cost of operation of T, is much high-
er as compared to other threshing
methods, revenue of $0.81/q can be
generated by selling straw bundles.

Conclusion

The performance of different
threshers i.e. power operated thresh-
er-cum-winnower, power-tiller
operated paddy thresher, tractor
operated paddy thresher and tractor
operated half feed paddy thresher
were evaluated with three varieties
of paddy at three levels of moisture
content varying from 13.1 to 15.9%.
Their performances were compared
with those of conventional methods
like bullock treading and hand beat-

ing. The findings of the study are

summarised below.

* The output capacity increased
with increase in grain moisture
content for all threshing methods
used. Output capacity was found
to be maximum (1,328.11 kg/h) in
case of tractor operated thresher
at 15.5% moisture content in case
of Hasanta variety while it was
minimum (98.15 kg/h) in case of
hand beating at 13.6% moisture
content in case of Lalat vareity.

* Threshing efficiency of all the
threshing methods decreased as
grain moisture content increased.
Threshing efficiency was found to
be maximum (99.75%) in case of
tractor operated thresher at 13.1 %
moisture content in case of Has-
anta where as it was minimum
(92.15%) in case of bullock tread-
ing at at 15.9% for Lalat variety.

* Cleaning efficiency was maximum
(99.93%) at 13.2% moisture con-
tent in case of tractor operated
thresher for Swarna variety and
minimum (90.24%) in case of
bullock treading followed by win-
nowing by bamboo swing basket
at 15.9% for Lalat.

* Un-threshed grain percentage of
all the threshers increased with
increase in grain moisture content
whereas percentage of broken
grain and blown grain of thresh-
ers decreased as grain moisture
content increased.

* Highest cost of threshing of $5.43/
g was found for tractor operated
half feed thresher while it is mini-
mum ($0.87/q) for power operated
thresher-cum winnower at all
three levels of moisture content.

REFERENCES

Amponsah, S. K., A. Addo, K. Dzi-
si, J. Moreira and S. A. Ndindeng.
2017. Comparative evaluation of
mechanised and manual thresh-
ing options for Amankwatia and
AGRA rice varieties in Ghana.
Journal of Agricultural Engineer-
ing. XLVII1: 664,181-189.

Anonymous. 2013-14. Odisha Agri-
culture Statistics, Directorate of
Agriculture and Food Production,
Odisha, Bhubaneswar.

Anonymous. 2014-15. Status of Ag-
riculture in Odisha, Directorate of
Agriculture and Food Production,
Odisha, Bhubaneswar.

Anonymous. 2019. World Food and
Agriculture Statistical Pocket-
book, Food and Agriculture Orga-
nization of the United Nations.

Annonymous. 1985. Test code for
power operated cereal thresher
(1S: 6284:1985), Indian Standard
Institutions, Manak Bhawan, New
Delhi.

Annonymous.1979. Test code for
power operated cereal thresher
(1S: 9164-1979), Indian Standard

Table 5 Cost of operation of threshing methods

Description T | T | ] ] %] T
Cost of operation (USD / h) 1.37 6.96 13.86 1572 243 0.52
Cost of operation (USD / 0.87 1.83 1.04 5.43 1.99 3.57

quintal) (at 13.2% grain
moisture content of Swarna)

Fig. 6 Effect of grain moisture content on broken grain

Swarn

——T1 -T2 — T3

_\—h-h—h—.
.‘_‘_‘-‘-\_‘_‘1

BElowm grain,%s

(= R PR T

w o

132 14.4 15.7

Grain moisture content,*o

@

Lalat

——T1 —-—T2 —a— T3
!
& 6
® 2 '_‘_'_"‘_"-o————.
= 3
5 2
B 1 — &
0 +
136 14.2 15.9
Grain moeisture content,%

Blown grain.%

Hasanta

——T1 —- T2 —i— T3

O R W s

E r 1
| . L —

131 149 155
Grain moisture content, %o

©

30 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA 2024 VOL.55 NO.1



Institutions, Manak Bhawan, New
Delhi.

Appiah, F., R. Guisse and P. K.
Dartey. 2011. Post-harvest losses
of rice from harvesting to milling
in Ghana. J. Stored Prod. Posthar-
vest Res. 2:64-71.

Miah, A. K., A. K. Roy, M. A.
Hafiz, M. Haroon and S. S. Sed-
dique. 1994. A comparative study
on theeffect of rice threshing

methods on grain quality.Agri-
cultural Mechanization in Asia,
Africa and Latin America. 25(3):
63-66.

Naik, R. K., S. Patel, A. K. Verma
and A. K. Shrivastava. 2010. Ef-
fect of crop and machine param-
eters on performance of paddy
thresher. Agricultural Engineer-
ing Today. Vol.34(l): 30-32.

Rickman, J., J. Moreira, M. Gum-

mert and M. C. S. Woperies. 2013.
Mechanising Africa’s rice sector.
Realising Africa’s rice promise.
CAB International. 332-242.

(Continued from page35)

Development & Performance Evaluation of Solar Biomass Drying System for Ginger

(Zingiber officinale)

Applied Science. Vol.6(2): 170-
184.

Mondal, K. 2006. Development and
storage behaviour of ginger paste
and powder. Thesis, M.tech. G.B.
Pant University of Agriculture
and Technology, Pantnagar.

Panwar, N. L., S. C. Kaushik and
S. Kothari. 2012. Renewable and
Sustainable Energy Reviews, 16,
2812-2819.

Rajat, P. 2013. Studies On Devel-
opment and Quality Evaluation
of Ginger Powder. Unpublished
Thesis. Sardar Vallabhbhai Patel

VOL.55 NO.1 2024 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA

University of Agriculture and
Technology, Meerut, India.

Swain, S., M. Din, R. Chandrika, G.
P. Sahoo and S. D. Roy. 2014. Per-
formance Evaluation of Biomass
Fired Dryer for Copra Drying: A
Comparison with Traditional Dry-
ing in Subtropical Climate. J Food
Process Technology Vol 5: 294,
d0i:10.4172/2157

Sreekumar, A., P. E. Manikantan
and K. P. Vijayakumar. 2008. Per-
formance of indirect solar cabinet
dryer. J. Energy Conversion and
Management Vol. 49(6): 88-1395.

31



Development & Performance Evaluation of Solar

Biomass Drying System for Ginger (Zingiber officinale)

by
S. R. Kalbande

Professor

Dept. of Unconventional Energy Sources and Elec-

trical Engineering,

Dr. Panjabrao Deshmukh Agricultural University,

Akola (MH), INDIA

surendra_kalbande@gmail.com

D. S. Karale

Assistant Professor

Dept. of Farm Power and Machinery,
Dr. Panjabrao Deshmukh Agricultural University,

Akola (MH), INDIA

dhiraj_karale@hotmail.com

Abstract

Drying of agricultural commodity
by use of electricity or petroleum is
an expensive process in developing
countries. Therefore, an appropriate
technology for drying of agricul-
tural produce has been designed
and developed and its performance
for the drying of ginger has been
evaluated. A continuous type solar
biomass drier was developed. The
system is capable of generating an
adequate and continuous flow of
hot air of temperature between 55
and 65 °C. Splitted ginger rhizomes
were successfully dried in devel-
oped system. Dried ginger obtained
under continuous type solar biomass
(hybrid) drying by a treatment viz.,
slicing was similar in quality with
respect to physical appearance like
color, texture etc. The quantitative
analysis showed that the traditional
drying i.e., open sun drying had
taken 3 days to dry the slices while
continuous type solar biomass drier
took only 16 hours and produced
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better quality produce. The efficien-
cy of the whole unit obtained was
34.54 percent.

Keywords: Drying, Hybrid, So-
lar-biomass drier, Ginger, Zingiber
officinale.

Introduction

Drying of agricultural produce is
an essential process used all over
the world for its preservation. It
helps to reduce the water activity of
the produce to a level below which
deterioration does not occur for a
definite duration. Ginger (Zingiber
officinale) is an important commer-
cial crop grown for its aromatic rhi-
zomes which are used both, as spice
and medicine. It is a valuable cash
crop and plays an important role in
Indian Ayurvedic medicine as a folk
remedy to promote cleaning of the
body through perspiration, to calm
nausea, and to stimulate the appe-
tite (Rajat, 2013). Ginger contains
gingerol, an oleoresin (combination

of volatile oils and resin) that ac-
counts for the characteristic aroma
and therapeutic properties (Ismail
et al., 2012). Components of gin-
gerol (zingiberene, bisabolene, cam
phene, geranial, linalool and bor-
neol) possess beneficial properties
for the treatment of poor digestion,
heartburn, vomiting and preventing
motion sickness (Mondal, 2006).
This continuous biomass based
drying system integrated with a
simple biomass combustor. The
biomass combustor is constructed
from a thin metallic sheet and it
is surrounded by another metallic
sheet cylinder. The gap is provided
in between for easy heat transfers.
Briquettes, which is the most com-
mon source of energy in rural areas
of developing countries, is mainly
designated to be the fuel for the
burner. The biomass combustor will
provide the solution for efficient
utilization of available biomass. It
utilizes the flue gas heat for an ap-
plication like drying of fruit and
vegetables with minimum pollution
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and product degradation. The over-
all efficiency of biomass utilization
can be increased by using heat loss
into the atmosphere. Solar radiation
is one of the most promising sources
of energy. Unlike fossil fuels and
nuclear energy, it is an environ-
mentally clean source of energy. By
proper application of technologies,
excellent thermodynamic match
between the solar energy resources
and many end uses can be achieved
(Sreekumar et al., 2008).

Dryers may be classified as open-
air or sun, fuel fired or kiln, electric
and solar dryers. Open air or sun
drying (OSD) is cheap but it has the
major problem of slow and intermit-
tent drying, no protection over rain,
contamination, undesirable quality
change and nonuniformity of dried
products (Panwar et al., 2012). This
paper presents a continuous type
solar biomass drier integrated with a
simple biomass gasifier. The system
has been evaluated under summer
and rainy season of Akola district
region in India for drying of ginger.

Material and Methods

2.1. Description of the Solar Bio-
mass Drier

The continuous type solar bio-
mass drier was fabricated for drying
of ginger and other such produce.
The details of the drier are shown in
Fig. 1.

The drier has two parts: (i) solar
tunnel drier and (ii) biomass com-
bustor.

(i) Solar tunnel drier. The sys-
tem mainly consists of a cover of
UV stabilized polyethylene sheet
(200-micron thickness) mounted on
a semi cylindrical pipe frame. The
cross-sectional area covered by the
solar tunnel drier is 24 m2. The axis
of tunnel was oriented in the East-
West direction to maximize the
capture of solar radiation at Akola
(latitude 20°30'N) during the test
period. The dryer was given suf-
ficient height to move a man freely
to load and unload the product. End
frame is made of aluminium mem-
bers fitted on both ends of solar tun-
nel dryer. The end frame structure

Fig. 1 Schematic diagram of biomass combustor

1. Chimney

2. Blower for combustion
chamber

3. Blower for combustion
chimney

4. Combustion chamber

5. Main air duct

6. Biomass feeding door

7. Ash collector

8. Preheating arrangement

9. Air duct to flue gas intake
for preheating arrangement

10. Half Hp motor

11. 3 Hp motor

is having provision for door (1.90 x
0.90 m). A turbo ventilator of 0.5 m
diameter was fitted at the centre of
the entire length of solar tunnel dry-
er for natural convection. The north
wall provides the height of 1.37 m at
entire length of dryer

(i) Biomass combustor. The
combustion chamber is cylindrical
in shape having inner diameter of
0.54 m and outer diameter of 0.64
m and height of 0.32 m depending
on required operating time. At the
bottom of burner an adjustable door
is provided for feeding the biomass
and controlling airflow for combus-
tion and an iron grate is provided for
burning biomass. The exhaust gases
exit through a chimney of 0.080 m
diameter and a long flue pipe placed
on one side of the biomass burner.
Two blowers of 0.5 and 3 hp motor
was used with biomass combustor
for the purpose of air supply.

2.2. Operation of Drier

This drier is designed to make use
of solar energy during day time and
biomass during night time as source
of heat. Drying parameters were
observed at five different points i.e.,
centre and corners of each of the
trays (Kalbande et al., 2017). The
samples were weighed at different
time interval during day and night.
As the solar radiations falls on UV
stabilized polyethylene sheet, these
enter inside the drier and get ab-
sorbed by the produce, resulting in
an increase of drier temperature.
This process produces temperature
difference between the inside and
outside air. Inside the tunnel, heated
air goes upward, pick up moisture
from the product and comes out
from the turbo ventilator provided
at the top of the solar tunnel drier.
During periods of low or zero solar
radiation, biomass burner is used
for back up heating. The combus-
tion gases heat up the drying sur-
face, which in turn warm the air as
it moves over the outer surface. The
warm air rises up into the drying
chamber, evaporating and picking
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up moisture from the produce as it
passes through the trays, and then
escapes through the top vents as be-
fore. Temperature inside the tunnel
drier is controlled feeding rate of the
soyabean briquette in the biomass
burner.

2.3. Performance Evaluation of
Drier

The drier is installed at Depart-
ment of Unconventional Energy
Sources and Electrical Engineering,
Dr. Panjabrao Deshmukh Agricul-
tural University, Akola in India and
tested during the months of May &
June 2021. For the separate trials,
30 kg of fresh ginger rhizomes were
obtained and visually checked for
any defect. Spoiled rhizomes have
been removed and good one was
selected for testing. Each trial was
made for 30 kg of ginger rhizomes.
Batch of 15 kg ginger rhizomes was
sliced in 50 to 70 mm length and 5
mm thickness.

A separate batch of 100 g rhi-
zomes was sliced in same length
and thickness and dried in open sun.
In order to simplify the evaluation,
solar energy was the sole source of
heat for drying during the daytime
and the biomass burner was used
only at night. The drier was oper-
ated as a solar drier from 09.00 am
to 06.00 pm. Biomass operation was
restored after 06.00 pm when solar
radiation was not enough for dry-
ing. The drying was stopped when
product reached at constant weight.

2.4. Instrumentation and Obser-
vations

The following parameters were
measured during the trials: solar
radiation, mass of ginger rhizomes,
temperatures, relative humidity,
wind speed, airflow through the dri-
er and biomass burnt. Temperature
of product and relative humidity of
air was measured by infrared ther-
mometer and hygrometer, respec-

Fig. 3 Variation in moisture content in CSBD, STD and OSD with respect to
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tively. Solar radiation was recorded
with Digital pyranometer with data
logger and wind speed by hot wire
anemometer with an accuracy of 0.2
m/s. The mass of the product and
biomass fuel was measured with
electronic balance.

Results and Discussion

3.1. Capacity and Drying Times

A single layer of specified length
and thickness, 15 kg of ginger slices
(2 kg on each of the tray) were used
for study. Moisture present in the
product with drying period of the
trials of the full load drier is shown
in Fig. 3. It is clearly shown that
drying time for drying ginger in
CSBD was 16 h whereas in open sun
drying it was 29 h for drying of the
same product from moisture content
of 415.46 to 6.18 percent (d.b.) dur-
ing that trial (Doharey, 2009).

3.2. Drying Parameters

The significant variations were
measured in drying parameters at
different tray levels during day and
night. During the day, slices on the
top tray dried faster while slices
on the bottom tray dried slower.
Experiments showed that moisture
remained in the slices in continuous
solar biomass dryer was 306.70%
after the first 4 h of drying com-
pared to 379.38% in open sun dry-
ing, respectively. The maximum
temperature of the product mea-
sured at continuous solar biomass
dryer was 59.3 °C during first day
and temperatures of the product
of open sun drying were 39.8 °C,
respectively (Fig. 4) (Alakali and
Satimehin, 2004). During the night
when the gasifier was in operation,
the slices on the bottom tray dried
faster compared to those upper trays
in drying chamber. The maximum
temperature of product measured
at the night was 52.5 °C. The final
moisture content of ginger slices af-
ter 16 h of drying were 6.18% with
corresponding relative humidity of
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13 percent in continuous solar bio-
mass drying system.

Average moisture content (d.b.) of
ginger reduced from 415.46 to 6.18
percent (d.b.) in 16 h in continuous
solar biomass drying system, from
415.46 to 12.37 percent (d.b.) in 18 h
solar tunnel dryer and from 415.46
to 6.18 percent (d.b.) in 29 h in open
sun drying (Fig. 3).

3.3. Quality Evaluation

Nutritional value and physical ap-
pearance in relation to surface color
and nutritional value was recorded.
Powder colour was determined us-
ing Hunter Lab, which includes
lightness and chroma saturation
(Table 1). L is the lightness coordi-
nate ranging from no reflection for
black (L = 0) to perfect diffuse re-
flection for white (L = 100). a is the
‘redness’ coordinate ranging from
negative values for green to positive
values for red. b is the ‘yellowness’
coordinate ranging from negative
values for blue to positive values for
yellow. Open sundried slices showed
their quality got deteriorated. The
dried samples (100 g) obtained from
batches were powdered and were
analysed for total gingerols (mg/g)
extraction. For CSBD it was 24.4%
and in open sun drying it was 19.9%
(Table 2) Produce dried in open
sun was having less Total gingerols
(mg/g) than CSBD dried product
and it showed the inferior quality of
dried ginger slices were obtained in
CSBD (Famurewa et. al., 2011).

3.4. Drier Efficiency

Overall thermal efficiency has
been evaluated for the drier. The
thermal efficiency over an entire
drying trial (g) is the ratio of the en-

Table 1 Colour value testing for ginger
powder

ergy used to evaporate the moisture
from the product to the energy sup-
plied to the drier. In this drier, both
solar radiation and biomass supplied
the energy. The overall thermal ef-
ficiency of the drier is therefore de-
fined as

n % ={Mx1) /S xA)+(Cx

m)] x 100}

Where, M is the mass of water
evaporated (kg); k is the latent heat
of vaporization (MJ/kg); S is the to-
tal solar radiation on the dryer (MJ/
m?); A is the solar collection area
(m?); C is the calorific value of wood
(MJ/kg); m is the mass of used bio-
mass (kg). Overall drying efficiency
of system for drying ginger was
found to be 34.54%. The total dry-
ing time and moisture evaporated
of ginger samples were found to be
16-hour and 22.5 kg, respectively.
The efficiency was lower which may
be due to full capacity of drier has
not been utilized. It should be noted
that the type of product and its final
moisture content level influences the
thermal efficiency. The final mois-
ture in a product generally requires
more energy to extract than the ini-
tial moisture, and the preparation of
the product prior to drying such as
slicing affects the thermal efficiency.

Conclusions

The developed continuous solar
biomass drying system is capable
of producing the air temperature
between 55 and 65 °C, that was
optimum for dehydration of ginger
slices. Drying time for ginger had
been drastically reduced compared
to open sun drying. The efficiency
of the whole unit observed was

34.54%. The volatile oil in CSBD
system was 24.4% but in open sun
drying it was only 19.9%. The qual-
ity of product remained maintained
in this drier whereas in open sun
drying it gets deteriorated. Study
concluded that continuous solar bio-
mass drying system is better option
for preserving quality of the dried
product and slicing improves drying
rates.
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Table 2 Nutritional analysis of ginger powder

Sr.

Sample L ‘ a ‘ b No. Particular CSBD STD OsD
S1csen) 65.01 3.44 20.11 1 |Total gingerols (mg/g) 24.4 221 19.9
S2s1p) 62.81 3.45 19.54 2 | Carbohydrate (g/100g) 86.8 69.9 55.61
S3(0sn) 53.89 3.99 18.31 3 | Dietary fiber (g/100g) 11.91 10.23 10.11

4 | Protein (g/100g) 5.32 5.02 8.5
5 | Oleoresin content (g/100g) 1.32 1.16 1.05
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Abstract

Harvesting of small onion crop is
an important operation in cultiva-
tion of small onion, which has to be
carried out at optimum crop matu-
rity to minimize field losses. The
small onion harvesters available in
India cause more bulb damage and
they are not suitable for small scale
farmers. A power tiller operated
small onion harvester was devel-
oped with a digging tool, conveyor
and a leveler. The machine and
operational parameters influencing
the performance of onion harvester
include rake angle, forward speed
and moisture content of soil. The
parameters were analyzed for their
effects on harvesting efficiency
and the optimized parameters were
used to carry out field performance
evaluation. Force analysis was car-
ried out for the developed digging
tool. The results of the testing of
developed small onion harvester
indicated maximum harvesting effi-
ciency, bulb damage of , actual field
capacity, theoretical field capacity
and field efficiency of 97.4%, 1.6%,
0.068 ha h?, 0.062 ha h* and 85.2%,
respectively. The cost of harvesting
of small onion with the developed
harvester was Rs. 918/ha.

B. Shridar

Dean (Agricultural Engineering)

Introduction

Small onion is a vegetable crop
grown commercially in many parts
of the world. India ranks first in
terms of area in the world with 0.83
million ha (Kaveri et al., 2015). In
India harvesting of small onion is
done manually. Manual harvesting of
small onion is done by using shovel
and it requires 21.4 percent of the
total energy consumed in small on-
ion cultivation (Ashwini et al., 2014).
In manual harvesting, considerable
amount of small onion bulbs are lost
due to insufficient soil moisture and
also manual harvesting is time con-
suming and labour intensive.

In developed countries onion
harvesters are used successfully for
harvesting small onion. In India the
onion harvesters developed leads to
more bulb damage. The onion dig-
ger windrower developed by earlier
researchers resulted in escaping of
bulbs from the windrowing unit.
As bulbs fall in soil with too many
clods of size bigger than the size of
the onion bulbs it becomes difficult
to collect the fallen small onion
bulbs. The digging efficiency of the
onion digger windrower developed
was 89.66 percent (Jadhav et al.,
1995). This was less than the local
practice of onion harvesting using
sickle. The percentage of bulb dam-

Agricultural Engg. College & Research Institute,
TNAU, Coimbatore-641 003, Tamil Nadu, INDIA
tnaushridar@gmail.com

age was negligible in both methods
of onion digging. The machine,
however, caused slightly more bulb
damage 2.63-3.45 percent than the
local method.

Kamaraj (2002) designed and
developed a self-propelled onion
digger. He tested the performance of
the onion digger in field for digging
Pusa white round and Agri found red
varieties. The effective field capacity
was 0.13 to 0.14 ha h. The digging
efficiency was 96.34 to 97.72 percent
and the damage was 7.31 to 9.09
percent. The saving in cost and time
were 65.12 and 93.7 percent respec-
tively as compared to conventional
method of manual harvesting.

Tapan et al. (2011) designed and
developed a tractor-drawn onion
harvester. They found the opti-
mal design values of variables like
length, speed ratio and slope of the
elevator were as 1.2 m, 1.25:1 and
15° respectively. The digging ef-
ficiency 97.7 percent, separation
index 79.1 percent, bulb damage 3.5
percent, fuel consumption 4.1 | ha?
and draft 10.78 kN are measured.
The saving in cost of onion digging/
ha with the use of the developed
digger in comparison to manual was
found to be Rs. 1,170/ha.

Massah Jafaret al. (2011) studied
the comparison between capacitive
and photo sensors in depth con-
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trol of onion harvester. A four-bar
mechanism was used in order to
move the blade of the machine and
to control the operation depth while
a DC electrical motor provided the
movement of the blade. They have
concluded that photo sensor re-
sponded better than the capacitive
sensor for all obstacle shapes.

Ashwini Talokar et al. (2014)
designed and evaluated an onion
harvester for the low power capacity
tractors range in 15 to 20 hp. In their
study the working width and depth
of operation of harvester is fixed
as 60 cm and 10 cm. The soil mass
load on the harvester was found as
1.35 N cm2. The total capacity of
the harvester in respect of the work-
ing in the soil is determined as 104
tones/h.

Tamil Nadu records about 13.7
percent of power tillers available
in India according to the survey of
Government of India. The usage of
power tiller is limited as matching
equipments are not available for
various farm operations. If suitable
matching attachments are devel-
oped, power tiller available in farm-
ers hand will be used in all the ver-
satile farm operations from tillage
to harvesting. Hence, developing
a small onion harvester as a power
tiller attachment is considered es-

sential and timely.

Keeping in view about the above
facts and figures, the present re-
search was carried out with an
objective to develop a power tiller
operated small onion harvester.

Material and Methods

Machine Description

The power tiller operated small
onion consisted mainly of a main-
frame, a rotary gear box, a digging
tool, conveyor assembly and a level-
ling roller. The components of the
harvester are depicted in Fig. 1.

Main Frame

The main frame carries the gears,
digging tool and the conveyor as-
sembly. The distance between the
conveyor and the digging tool was
made adjustable. The side flanges
were attached to the main frame.
Holes were provided on the side
flange to adjust the rake angle of the
digging tool at different levels.

Speed Reduction Rotary Gear Box

The rotary gear box was used to
transmit the power from the power
tiller to the harvester. During opera-
tion the rotary gear box of the har-
vester was connected to the power

Fig. 1 Conceptual drawing of developed small onion harvester depicting its

components

1. Rotary gear box, 2. Tool mounting frame, 3. Tool, 4. V-belt and pulley mechanism,
5. Conveying roller, 6. Conveyor belt, 7. Digging bar, 8. Levelling roller, 9. Conveyor
mounting frame, 10. Conveyor bars, 11. Side flange

tiller. Through this gear box two
rotational speeds of 0.79 and 1.05
ms* were obtained. So while oper-
ating the speed which is equal to the
walking speed of the operator can
be selected. The rotary gear box was
provided with an output shaft with
splined end on which driving pulley
was fixed.

Digging Tool

A flat digging tool made of mild
steel was developed for digging the
small onion. The digging tool was
fixed on the tool mounting frame.
The cutting edge of the digging tool
was beveled to an angle of 150. The
tool consists of five flat digging bars
for initial opening of the soil and for
minimizing damage while digging
small onion.

Conveyor Assembly

The conveyor assembly consists
of a conveyor, conveyor mounting
frame and conveyor driving mecha-
nism.

Conveyor

A conveyor was developed to
convey the dug out small onion crop
to the rear end of power tiller. The
conveyor belt was made of canvas
material. Conveyor rods were riv-
eted to the conveyor belt at a spac-
ing of 15 mm based on the average
bulb diameter of small onion crop.
The conveyor mechanism consisted
of two hollow conveyor rollers on
which the conveyor moves during
operation. The conveyor rollers
were driven using the power taken
through belt pulley mechanism
from the rotary gear box. The angle
of conveyor was given based on
the angle of repose of small onion
which is 28.11 to 37.410 (Pandisel-
vam et al., 2013).

Conveyor Mounting Frame

Conveyor mounting frame carries
the components of the conveyor. It
was attached to the side flanges of
the main frame in order to adjust the
position of conveyor.
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Belt Pulley Transmission System

The power of conveyor mecha-
nism was provided through belt pul-
ley transmission mechanism. Two
B-type pulleys were used of which,
the driver pulley was fixed on the
splined end of the shaft of the rotary
gear box of power tiller, which has
the facility of varying speed. The
driven pulley was fixed on the shaft
of conveying mechanism.

Levelling Roller

A levelling roller was provided
for levelling field continuously after
harvesting for easy collection of
harvested small onion. The level-
ling roller was attached to the main
frame. The roller helps in easy
transport of harvester outside the
field. It was also used for controlling
the depth of operation in the levelled
surface only, the harvested small
onion falls in the levelled surface.
The leveler was used to level the
field continuously after harvesting.

Experimental Design to Deter-
mine the Effect of Operational
Parameters on the Harvesting
Efficiency of the Developed Small
Onion Harvester

The harvesting was carried out

by the developed digging tool. Ac-
cording to the bed width of small
onion crop cultivated, the length of
digging tool was provided. The har-
vester was run at 100 mm penetra-
tion depth by adjusting the levelling
roller. The digging tool was fixed at
10 deg rake angle by adjusting the
slot provided on side flanges. The
gear position and throttle lever in
the power tiller was set to have 1.0
km/h forward speed. Then the small
onion harvester in towed position
was run for 10 m for ensuring prop-
er working of harvesting unit. All
necessary readings were recorded
and the average values of readings
were calculated. The harvesting ef-
ficiency was determined. The above
procedure was replicated thrice for
optimizing the parameters.

The above experiment was re-

peated for rake angles set at 12 and
15 deg and the forward speeds at
1.5 and 2.0 km/h. Similarly for the
remaining selected soil moisture
levels the above procedure was re-
peated and the observations were
recorded and tabulated.

An experiment with Factorial
Randomized Block Design (FRBD)
was laid out. The factors considered
and their levels are furnished in Ta-
ble 1. Analysis of data was carried
out by “AGRES” package to ana-
lyze the data in order to obtain the
necessary analysis of variance and
to study the effect of variables. The
treatment, which give the maximum
harvesting efficiency was selected
as the best.

Field Performance Evaluation

For evaluating the performance of
prototype, the power tiller operated
small onion harvester was tested for
harvesting CO (On) 5 variety at Ag-
ricultural Machinery Research Cen-
tre, Coimbatore. The engine speed
of the power tiller was adjusted for
1.0, 1.5 and 2.0 km/h forward speed
by selecting the appropriate trans-
mission ratios and by adjusting the
engine throttle lever. The observa-
tions were made for three replica-
tions for different levels of forward
speed, rake angle and moisture
level. The performance of the con-
veying mechanism was evaluated in
terms of conveying efficiency, soil
separation efficiency, bulb damage,
theoretical field capacity, actual
field capacity. The draft required to
pull the power tiller with harvesting
attachment was measured using a
recording type load cell dynamom-
eter.

Structural Analysis of Small On-
ion Harvester

The structural analysis of the dig-
ging tool was carried out in ‘Solid-
Works’ software. Force analysis was
carried out on the digging tool with
the optimized level of rake angle
under the under the draft force re-
quired to pull the harvester. The
stress distribution, strain distribu-
tion and deformation of digging tool
were determined.

Harvesting Efficiency
For determining harvesting ef-
ficiency the field was divided into
plots of 1 m? area. The small onion
bulbs collected from the leveled
surface and the left out small onion
bulbs in the field were collected.
The harvesting efficiency was calcu-
lated by the below expression (lbra-
him et al., 2008)
M = [Wp / (Ws + Wp)] x 100
Where,
N, = Harvesting efficiency, percent
W, = Weight of small onion bulbs
collected from the harvested
crops in one square meter area,
kg
W, = Weight of left out small on-
ion bulbs collected from the soil
in one square meter area, kg

Conveying Efficiency

For calculating the conveying effi-
ciency of the conveyor, the unit was
run for 5 meters and the small onion
crop conveyed by the conveyor and
the crops not conveyed were collect-
ed. The conveying efficiency was
calculated by the following formula
(Tapan et al., 2007).

Npe = [(Wy + Wo) / (W, + W, + Wy)]

x 100
Where,

Table 1 Levels of variables selected for performance of weeder

Independent variables

Levels

Rake angle (R), degree
Forward speed (S), km/h
Average soil moisture (M), percent

Three (10, 12, 15)
Three (1, 1.5, 2)
Three (8.2, 9.5, 11.8)

Affected response variable

Harvesting efficiency, %
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Ny = Conveying efficiency, percent

W, = Weight of crops delivered by
the conveyor in five meters run,
kg

W, = Weight of crops remaining
on the conveyor in five meters
run, kg

W, = Weight of unpicked crops by
the conveyor in five meters run,

kg

Soil Separation Efficiency
The harvested plants from the
field were immediately taken to the
laboratory and the tests were con-
ducted without loss of moisture. The
observations were taken for deter-
mining the soil separation efficiency.
The soil separation efficiency was
calculated as follows (Jadhav et al.,
1995).
Nes = [(Wy = W) 1 (W) = W, + Wy)]
x 100
Where,
Ns = Soil separation efficiency,
percent
W, = Weight of crops fed at the
picking end, kg
W, = Weight of crops collected at
the delivery end, kg
W, = Weight of soil collected at
the delivery end by manually
removing the soil particles from
all the crops, kg

Bulb Damage

The percentage of bulb damage
was calculated from the following
equation.

Fig. 2 Overall dimensions of digging tool

C=Q/P x 100

Where,

C = Bulb damage, percent

Q= Number of bulbs collected at
the delivery end in a 2 m row
length

P = Number of bulbs damaged in
a2 m row length

Theoretical Field Capacity

On the basis of width of the dig-
ging blade and speed, theoretical
field capacity was calculated by the
following formula

Theoretical field capacity (ha/h) =

ws/10

Where,

w = Width of the blade, m

s = Speed of travel, km/h

Actual Field Capacity

Actual field capacity of the small
onion harvester includes the time con-
sumed for turning in headland and
for repair. Actual field capacity was
calculated by the following formula

Actual field capacity (ha/h) = A/T

Where,

A = Actual area covered, ha

T = Total time taken to cover the

area, h

Field Efficiency
Field efficiency was calculated by
using the following formula.
Field efficiency, % = (Effective
field capacity, ha/h) / (Theoreti-
cal field capacity, ha/h)

-
I'm

Cost Economics of the Developed
Small Onion Harvester

The total cost of power tiller oper-
ated small onion harvester was cal-
culated. The fixed and variable costs
of the unit per hour were calculated
as per the procedure enumerated
in IS: 9164-1979. From the field
capacity of the unit, the cost of op-
eration per ha was calculated. The
performance was compared with
conventional method of harvesting,
in terms of saving in cost and im-
provement in harvesting efficiency.
The break-even point (BEP) of the
power tiller operated small onion
harvester was also worked out.

Results and Discussion

A 12 hp power tiller was used as
a prime mover for the developed
small onion harvester. The harvester
with a flat digging tool of 530 mm
length having 5 equally spaced dig-
ging bars was fabricated (Fig. 2). A
leveling roller of 115 mm diameter
and 470 mm length was fabricated.
The conveying assembly was fab-
ricated with a conveyor mounting
frame made of mild steel and a
conveyor with 10 mm diameter con-
veyor bars and 460 mm width (Fig.
3). The gear box consisted of two
sets of spur gears having teeth of 40
and 36. The belt pulley transmission
was fabricated with two pulleys.
The driver pulley was mounted on

Fig. 3 Overall dimensions of conveying assembly
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the shaft of the gear box of power
tiller. The diameter of the driver
pulley was kept as 100 mm and
that of the driven pulley as 300 mm
(Fig. 4). The overall specification of
the prototype small onion harvester
was given in Table 2.

The data measured were analyzed
to assess the effect of the variables
viz., rake angle (R), forward speed
(S) and moisture content (M) on
harvesting efficiency. The analysis
of variance for harvesting efficiency
for operation of harvested is fur-
nished in Table 3.

The main effects of each factor (S,
R, M) were significant indicating the
influence of each factor on harvest-
ing efficiency. The interaction effects
of S x R and R x M were significant
at 1 percent level, whereas the inter-
action effect of S x M and S x R x M
were significant at 5 percent level.

Effect of Operational Parameters
on Harvesting Efficiency of De-
veloped Small Onion Harvester

The harvesting efficiency of the

Fig. 4 Belt pulley transmission system

Table 2 Specifications of developed power tiller operated small onion harvester

1 | Name

2 | Source of power

3 | Overall dimensions (L x B x H), mm
4 | Width of operation, mm

5 | Depth of operation, mm
6

8

9

Length of conveyor, mm

Width of conveyor, mm

10 | Diameter of conveyor bars, mm

11| Conveyor angle, degrees

12 | Spacing between conveyor bars, mm
13 | Number of conveyor bars, mm

14| Weight of small onion harvester, kg
15 | Conveyor speed, m/s

16 | Cost of the unit, Rs.

Digging tool dimensions (L x B x H), mm

Small onion harvester
Power tiller

1120 x 740 x 560
530

100

530 x 150 x 7
725

480

100

28

100

72

95 kg

1.3

5,750

harvester was measured at selected
levels of rake angle (R), forward
speed (S) and moisture content (M)

Effect of Rake Angle (R) and For-
ward Speed (S) on Harvesting
Efficiency

The interaction effect of rake
angle on harvesting efficiency at
different levels of forward speed is

depicted in Fig. 5.

efficiency

From the figure, it was observed
that the effect of S x R factor means
on harvesting efficiency indicated
higher percent harvesting efficiency
of 92.03 percent at 15 deg rake angle
and 1.5 km/h forward speed. The
minimum of 77.72 percent harvesting
efficiency was obtained at rake angle
of 10 deg and forward speed of 2
km/h. This is due to the variation in
the penetration depth of the digging

Fig. 5 Effect of rake angle and forward speed on harvesting
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Fig. 6 Effect of rake angle and soil moisture on harvesting

efficiency
95

90

85

75

70

Harvesting efficiency, per cent

10

efficiency

90

85

Harvesting efficiency, per cent

70

a5
Soil moisture, per cent

B0
75

100

. ,/\

Forward speed
=+—=1kmh
=—1.5 kmh
==2 kmh

12 15

Rake angle, deg

Fig. 7 Effect of soil moisture and forward speed on harvesting
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Table 3 Analysis of variance for harvesting efficiency km/h forward speed, 15 degree rake

SV DF SS MS F angle and 11.8 percent soil moisture
Treatmentment 26 3,252.086667 125.080256 57.6672** was selected as the best combina-
Speed (S) 2 392.965185 196.482593 90.5866** tion of factors which has been used
Rake Angle (R) 2 1,520.886667  760.443333  350.5958** for deciding the final prototype of
Soil Moisture (M) 2 1,078.186667 539.093333 248.5443** the small onion harvester.

SxR 4 139.737037 34.934259 16.1061**

RxM 4 50.906667 12.726667 5.8675** Field Performance Evaluation
SxM 4 24.625926 6.156481 2.8384* The small onion harvester de-
SXxRxM 8 44.778519 5.597315 2.5806* veloped as an attachment to power
Error 52 112.788148 2.169003 tiller was tested in farmers field for
Total 80 3,367.680000 42.096000 harvesting Co (On) 5 variety small

C.V=1.76 %, ** = Significant at 1 % level, * = Significant at 5 % level

tool at higher rake angle. At higher
forward speed due to increased vi-
bration in the digging tool the har-
vesting efficiency is decreased.

Effect of Soil Moisture (M) and
Rake Angle (R) on Harvesting
Efficiency

The interaction effect of soil
moisture on harvesting efficiency at
different levels of rake angles is pre-
sented in Fig. 6.

From figure it is seen that the ef-
fect of R x M factor means on har-
vesting efficiency indicated higher
percent harvesting efficiency of
93.33 at 15 deg rake angle and 11.8
percent soil moisture. The minimum
of 74.67 percent harvesting efficien-
cy was obtained at rake angle of 10
deg and soil moisture of 8.2 percent.
This might be due less resistance
offered by soil in the penetration of
the tool at higher moisture content.

Effect of Forward Speed (S) and
Soil Moisture (M) on Harvesting
Efficiency

The interaction effect of forward
speed on harvesting efficiencies at

different levels of soil moisture con-
tents is shown in Fig. 7.

From figure it is seen that the ef-
fect of S x M factor means on har-
vesting efficiency indicated higher
percent harvesting efficiency of
89.81 at 1.5 km/h forward speed and
11.8 percent soil moisture. The min-
imum of 74.89 percent harvesting
efficiency was obtained at forward
speed of 2 km/h and soil moisture
of 8.2 percent.

The test results were statistically
analyzed for harvesting efficiency.
The analysis of factor means re-
vealed that maximum harvesting
efficiency occurred in the combina-
tion of 1.5 km/h forward speed, 15
degree rake angle and 11.8 percent
soil moisture. after comparing all
possible combination of interactions
of the factors considered.

The combination resulting in
maximum harvesting efficiency
was taken into consideration as the
objective of the study is to develop
a small onion harvester suitable for
all soil and moisture conditions hav-
ing maximum efficiency. Owing this
reason, the factor combination 1.5

Fig. 8 Stress and strain distribution over digging tool at 15 deg rake angle

wor Mizes (Nim*2)

L 2a53er008

onion crop. The entire developed
harvester unit was accommodated
in the space between the rotary
gearbox and the handle of the power
tiller. The operator feels comfort in
operating the unit. The harvester
was attached to a 12 hp power tiller
through its rotary hitch arrange-
ment.

The maximum harvesting effi-
ciency of 97.8 percent was achieved
at the optimized combination of 15
deg rake angle, 1.5 km/h forward
speed and 11.8 percent soil moisture
level for the digging tool with the
draft requirement of 85 kg.

In the structural analysis it was
found that at 15 deg rake angle the
maximum stress and strain of 2,581
N m2 and 8.128e%7 were obtained
(Figs. 8 & 9). The minimum and
maximum values of displacement
of the digging tool under the action
of the applied force obtained were
0 mm and 0.000867159 mm. The
obtained values were found to have
very less effect on the digging tool.

The field capacity of the devel-
oped harvester was found as 0.08
ha/h. The cost of harvesting with
the small onion harvester was Rs.
918/- per hectare. As compared to

Fig. 9 Displacement of digging tool for
the applied force

Tong
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conventional method of manual har-
vesting the saving in cost and time
were found as 59.2 and 93.75 per-
cent respectively. The break-even
point (BEP) of the small onion har-
vester costing Rs. 9,000 was found
as 60.13 h of operation per annum.
The results of field performance
evaluation are tabulated in Table 4.
The operational view of small onion
harvester is shown in Fig. 10.

Conclusions

Mechanical harvesting of small
onion crop decreased the bulb dam-
age and also saved labour and time.
Small onion harvester as a power
tiller attachment has found suitable
for both small and marginal farms.
Hence the study was aimed at de-
veloping a power tiller operated
harvester for small onion. Analysis
of harvesting efficiency was carried
out with three parameters viz., rake
angle, forward speed and moisture
content. From analysis, it was found
that at 15 degree rake angle, 1.5 km/
h forward speed and 11.8 percent
average soil moisture as optimum
conditions for harvesting small on-
ion using the developed harvester.
The performance parameters such
as field efficiency, bulb damage, soil
separation efficiency were deter-
mined for optimized conditions. As
the cost of operation of developed
harvester is Rs. 918/- per hectare,
it was found suitable for both small
and marginal farmers.

Table 4 Field performance of small
onion harvester

Harvesting efficiency, % 97.4
Conveying efficiency, % 86.9
Soil separation efficiency, % 84
Conveyor loss, % 2

Theoretical field capacity, ha/h | 0.068
Effective field capacity, ha/h | 0.062
Field efficiency, % 85.2
Fuel consumption, | h* 1.2
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Abstract

A tractor-mounted hydraulic-
operated ladder was designed to
reduce the harvesting /pruning cost,
to increase the harvesting/pruning
efficiency and to enhance the overall
productivity of mango orchards. The
design and drawing of the hydraulic
ladder was made based on theoreti-
cal analysis of the tractor-mounted
hydraulic-operated ladder, using
the finite element method (FEM)
SolidWorks software was used for
the stress and stability analyses of
the hydraulic ladder under static
loading for the ladder. Slight varia-
tions were observed in the resultant
forces at different heights (6, 8 10
m), different angles of rotation from
(0-180° at an interval of 45°) and
different varying loads (75, 150, 225
and 300 kg). It is considered to be
in a state of stability when no sign
of overturning is evident with the
hydraulic ladder in operation. The
maximum stress observed in the
hydraulic ladder for, 8 m and 10 m
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heights, at different loads and differ-
ent angle of rotation is 96.64 N/mm?
which is less than the yielding stress
(220.59 N/mm?).

Keywords: Hydraulic ladder,
Design, stability, tractor mounted,
stress, stabilizing system,

Introduction

Harvesting of fruits is a labour-in-
tensive operation worldwide, which
accounts in many cases for about
50% of total production costs. In
India, fruit harvesting is commonly
done by experienced tree climbers.
Fruit harvesting is a tedious, stoop
type job, which is needed to be per-
formed on a seasonal basis during
a relatively short time. Besides, is-
sues of safety and quality of plucked
fruits during manual plucking are
the matters of concern. The declin-
ing labour availability and increas-
ing labour costs in the developing
countries, combined with more
awareness to health and safety is-

Tamil Nadu Agricultural University,
Coimbatore - 641 003, Tamil Nadu, INDIA

sues, make it mandatory to mecha-
nize the fruit harvesting operation.
Fruit growers in the developing
countries are facing two significant
problems that could determine the
future of their business. The avail-
ability of fruit harvesting labour
dwindling every year and the supply
of hand fruit pickers continues to
shrink. In addition, there are fewer
workers available to harvest fruits
because of continuous outflow of
workers from agriculture to better
paying jobs in construction and in-
dustry (Blank, 1998). Since the cost
of manual labour is constantly ris-
ing, at important way to maintain or
reduce the labour cost is to increase
the productivity of lab markets
(Holt, 1999).

With steadily increasing labour
charges and migration of the ru-
ral people to urban areas, it has
become mandatory to manage all
horticultural operations mechani-
cally. Therefore, development of
machines is a timely step to reduce
the drudgery and to increase the
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yield potential of horticultural crops
(Tajuddin et al., 2002). Mechanized
harvesting can facilitate the har-
vesting and packing work, labour-
saving machines (mass-harvesting
systems) that improve productivity
and reduce harvest and packing
labour needs and robotic harvest-
ing or automation. Several works
have been carried out to develop
suitable labour-aids, primarily for
fresh-market fruit. Different mod-
els of various mechanical picking
aids have been developed in many
places in the world over a period
of more than 50 years. They cover
the whole spectrum of labour aids
from improvements in clipping
devices, ladders, picking bags and
working methods to a variety of
picker positioning equipment from
simple multi-man platforms to a real
sophisticated single-man, self-pro-
pelled positioning system (Coppock
et al., 1959; Perry, 1965; Molitorisz
and Perry, 1966; Seamount, 1969;
Berlage et al., 1972; Sarig and Cop-
pock, 1986; Sarig, 1993)

Shanab and Sepehri (2005) de-
scribes the development of a simula-
tion model for studying the tip-over
stability of a typical heavy-duty
hydraulic log-loader machine. The
results demonstrates that the effects
of the manipulator movements, the
flexibility of the contact between the
base and the ground, the hydraulic
compliance, and the friction prop-
erties between the wheels and the
ground, on the stability of the ma-
chine. Particularly, it is shown that
the flexibility of the contact between
the base and the ground reduces the
machine stability, whereas the flex-
ibility at the manipulator joints due
the hydraulic compliance improves
the machine stability.

Kolhe et al. (2011) model analysed
model for the whole assembly of
tractor-mounted hydraulic eleva-
tor by using ANSYS software. The
better stability results with the
controlled vibrations and frequency
of the lifting platform and welded
joints were recorded by keeping

constrained boundary conditions.
The tractor mounted hydraulic el-
evator is suitable, safe, less hazard-
ous and economical as compared to
manual climbing for coconut har-
vesting. Hence it is recommended
to use tractor-mounted hydraulic
elevator for harvesting, cleaning and
breeding of coconut orchards up to
14 m height.

Abhinay and Rao (2014) modelled
an aerial scissor lift by using AN-
SYS software which is one of the
software used for modelling compo-
nents in most of the design-based in-
dustries. While the modelling of the
components the material selection is
carried out simultaneously based on
the design considerations related to
loads, etc. Later the stress and strain
concentration, deformation on the
aerial scissor lift have been found
by applying certain load on the lift’s
platform, using the Finite Element
Analysis (FEA) by using ANSYS
software that provides best output
within few seconds.

Jaydeep and Pandya (2013)
described the design as well as
analysis of a simple aerial scissor
lift. Conventionally a scissor lift or
jack is used for lifting a vehicle to
change a tire, to gain access to go to
the underside of the vehicle, to lift
the body to appreciable height, and
many other applications also such
lifts can be used for various pur-
poses like maintenance and many
material handling operations. It can
be of mechanical, pneumatic or hy-
draulic type. The design described
in the paper is developed keeping in

Fig. 1 Angle of rotation from 0-180° at an

interval of 45°
90°(3)

45°(2)

(1)

180°(5)

mind that the lift can be operated by
mechanical means so that the over-
all cost of the scissor lift is reduced.
Also such design can make the lift
more compact and much suitable
for medium scale work. Finally the
analysis is also carried out in order
to check the compatibility of the de-
sign values.

Henry et al. (2012) carried out the
topology, size and shape optimiza-
tion methods on a long-range aerial
lift truck. The first phase involves
the determination of the optimum
cross-section dimension, overlaps
and wall thickness of the telescopic
boom segments. The optimization
problem is formulated as mass min-
imization under various structural
performance constraints and solved
using the metamodel-based optimi-
zation method. Optimal-space fill-
ing design, Kriging algorithm, and
screening methods are used for the
design of experiment (DOE) sam-
pling, response surface generation
and optimization steps, respectively.
The second phase consists of 2 steps
that deal with the search for opti-
mum frame reinforcement layout
using topology optimization in the
first step and frame plate thickness
optimization in the second step. The

Fig. 2 Schematic view of the hydraulic
ladder
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ultimate goal of design optimization
in the second phase is to obtain a
lightweight frame that is structur-
ally stiff and with improved tor-
sional natural frequency. The design
optimization is done using ANSYS
Workbench in the first phase while
Hyper Works in the second phase.
Optimized boom is about 250 kg
(2.2%) lighter with significantly
lower stresses than the reference de-
sign. The stiffness and torsional nat-
ural frequency of the frame increase
by 33% and 59%, respectively with
the weight reduce by 35 kg.

Kusma et al. (2015) designed and
fabricated a prototype telescopic
raising platform for harvesting oil
palm fresh fruit bunches. They have
designed telescopic lifting mecha-
nism, sliding mechanism and rope
drive mechanisms to lift and take
the platform near fresh fruit bunches
at crown of the tree. The diameter
and speeds of the first, second and

third cylinders were 12.065 cm,
9.525 cm, 7.000 cm and 0.0779 m/s,
0.0421 m/s, 0.02624 m/s respective-
ly. The minimum deflection of the
sliding mechanism was 2.81 cm and
rope drive needs 0.08 hp to operate,
which is less than the power avail-
ability.

In addition to providing means
for reducing the drudgery of har-
vest labour the harvest machinery
improves the farmers’ ability to per-
form operations in time. Mechani-
zation also reduces the risks associ-
ated with the need for large amount
of seasonal manual labour for short
periods of time and lessens the so-
cial problems caused due to exces-
sive influx of low-wages. Keeping in
view of above facts, the aim of this
research work was to analyse the
stability of tractor-mounted hydrau-
lic-operated ladder which should
provide a safe working environ-
ment, in addition to presenting some

Table 1 Resultant forces acting on the stabilizers

important tools to help the worker
performing the needed practice in a
more efficient fashion.

Material and Methods

The design and drawing were
made through SolidWorks software
and theoretical analysis of the trac-
tor-mounted hydraulic-operated lad-
der was carried out by finite element
method, also using the SolidWorks
software for analysis of stress and
stability of the hydraulic ladder.

Testing the Stability of the Hy-
draulic Ladder

Testing the stability of the hy-
draulic ladder was done by simula-
tion for finding the resultant forces
acting on the four stabilizers L1,
L2 & R1, R2. The simulation was
done for the height of hydraulic lad-
der (two fold) from ground surface

S. No Load, | Height 0 =0° O =45° @ =90°
' kg m L1 [ L2 [ Rt [ RR | L1 [ L2 [ Rt | R [ L1 | L2 ] RL [ R2
75 | 60 | 4220 4330 4180 4340 | 4290 4,360 4560 4590 | 4,380 4,170 4,750 4,500
! 150 | 6.0 | 4310 4450 4,270 4410 | 4330 4540 4740 4,910 | 4,620 4570 4,730 4,670
225 | 60 | 4320 4470 4290 4420 | 4380 4,730 4,920 5230 4,730 4,680 4,870 4,810
300 | 6.0 | 4480 4990 4660 4,720 | 4420 4,910 5100 5550 | 4,970 4,840 4,980 4,940
75 | 80 | 4460 4570 4520 4670 | 4470 4,540 4,680 4,710 | 4670 4760 4,830 4,990
) 150 | 80 | 4710 4,980 4,630 4,810 4510 4,620 4,760 4,860 | 4,790 4,940 4,990 5,090
225 | 80 | 4890 5170 4940 5020 | 4720 4810 4,840 4,940 4930 5080 5110 5230
300 | 80 | 499 5350 5010 5130 | 4870 4,950 5030 5120 | 5090 5170 5230 5,310
75 | 100 | 4510 4,620 4,830 4910 | 4750 4,530 4,680 4,230 | 4760 4,930 4,820 5,060
3 150 | 10.0 | 4730 4,890 4990 5090 | 4910 4620 4830 4,370 4,890 5170 4,970 5310
225 | 100 | 4,860 4,980 5110 5220 | 5160 4,790 4,970 4470 | 4940 5210 5120 5,480
300 | 100 | 5120 5170 5270 5380 | 5370 4,890 5120 4590 | 5060 5420 5230 5,670
S No | Load. | Height =135 0 = 180°
kg m L1 L2 R1 R2 L1 L2 R1 R2
75 | 60 4,260 4,210 4,450 4,340 4,440 4,370 4,390 4,360
L 150 | 6.0 4,530 4,420 4,620 4,470 4,520 4,410 4,490 4,410
225 | 6.0 4,610 4,530 4,690 4,580 4,590 4,480 4,570 4,510
300 | 6.0 4,810 4,690 4,790 4,690 4,790 4,710 4,810 4,680
75 | 80 4,920 4,380 4,960 4,510 4,530 4,420 4,480 4,410
5 150 | 8.0 5,030 4,480 5,120 4,680 4,770 4,690 4,560 4,490
225 | 80 5,090 4,560 5,230 4,770 4,890 4,780 4,780 4,610
300 | 80 5,110 4,670 5,340 4,870 5,130 5,010 4,980 4,840
75 | 100 | 4,530 4,770 4,760 4,860 4,760 4,690 4,760 4,610
3 150 | 100 | 4,710 4,810 4,830 4,970 4,960 4,890 4,990 4,840
225 | 100 | 4850 5,170 4,910 5,320 5,110 5,070 5,160 4,980
300 | 100 | 4,980 5,350 4,990 5,420 5,190 5,120 5,290 5,170
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was kept constant at 6 m. The load
inside the bucket was kept 75 kg, for
set of this condition different reac-
tion forces on the stabilizer (L1, L2
and R1, R2) were taken by changing
angle of rotation from 0-180° at an
interval of 45° shown in Fig. 1. For
this set the load was varied from 75,
150, 225 and 300 kg respectively.
The same way for the other different
heights, different loads and different
angle of rotation was carried out by
using the simulation module in the
solid works software.

Von Mises Stress Under Static

Load for the Hydraulic Ladder

The strength of machine members
is based upon the mechanical prop-
erties of the materials used. Since
these properties are usually deter-
mined from simple tension or com-
pression tests. For ductile materials,
the limiting strength is the stress at
yield point as determined from sim-
ple tension test and it is, assumed
to be equal in tension or compres-
sion. the failure or yielding occurs
at a point in a member when the
distortion strain energy (also called
shear strain energy) per unit volume
in a bi-axial stress system reaches
the limiting distortion energy (i.e.
distortion energy at yield point) per
unit volume as determined from a
simple tension test.
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Construction of Tractor-mounted
Hydraulically-operated Ladder

Proper design of functional com-
ponents would greatly influence per-
formance of hydraulically-operated
ladder. The design of functional
components is made to achieve op-
timum performance of the tractor-
mounted hydraulically-operated
ladder. The arrangements are made
in such a way that all the operations
like stabilizing, lifting and rota-
tion can be done by the operator at
the time of operation in the bucket
itself. The schematic view of the
tractor-mounted hydraulic-operated
ladder is depicted in Fig. 2.

Results and Discussion

Testing the stability of the hy-
draulic ladder was done by simula-
tion method for finding the resultant
forces acting on the four stabilizers
L1, L2 & R1, R2. The simulation
was done for the height of hydraulic
ladder (two fold) from ground sur-
face was kept constant at 6m. The
values of the resultant forces for the
different heights, different loads and
different angle of rotation were are
presented in the Table 1 and sample
pictures are depicted in Fig. 3.

From the Table 1 it is observed
that Resultant force for 0 degree an-
gle of rotation acting on the stabiliz-

Fig. 2 Resultant forces for different heights at different angle of rotation and different

loads
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ers L1, L2 and R1, R2 are increasing
from 4,180 to 5,380 N for 6 m, 8 m
and 10 m height as load increases
from 75 kg to 300 kg. For 45 degree
angle of rotation the resultant force
acting on the stabilizers L1, L2 and
R1, R2 are increasing from 4,290
to 5,550 N for 6 m and 8 m height
whereas for the 10 m height the re-
sultant forces are decreasing from
5,370 to 4,530 N as load increases
from 75 kg to 300 kg. Resultant
force for 90 degree angle of rotation
acting on the stabilizers L1, L2 and
R1, R2 are decreasing from 4,170 to
4,970 N for 6 m height whereas for
the 8 and 10 m height the resultant
forces are increasing from 4,670 to
5,670 N as load increases from 75 to
300 kg.

Resultant force for 135 degrees
angle of rotation acting on the
stabilizers L1, L2 and R1, R2 are
decreasing from 4,810 to 4,210 N
for 6 m height whereas for the 8 and
10 m height the resultant forces are
increasing from 4,380 to 5,420 N
when the load increases from 75 kg
to 300 kg. For 180 degrees angle of
rotation resultant force acting on
the stabilizers L1, L2 and R1, R2
are decreasing from 5,290 to 4,360
N for 6, 8 and 10 m height as load
increases from 75 kg to 300 kg with
an interval of 75 kg. From the table
it is found that the variations in the
resultant forces are minimum for

different heights, different angle of
rotation and different varying loads.
It is considered to be in a state of
stability when no sign of overturn-
ing is evident with the hydraulic
ladder in operation.

The Static Load for the hydraulic
ladder is calculated from the solid
works software through simulation
module for different heights (8 & 10
m), rotation angles at 135 degrees at
300 kg are depicted in Fig. 4.

It is observed from the Fig. 4 that
the limiting strength for yield stress
is 220.59 N/mm?2. Whereas the
maximum stress occurred is 96.64
N/mm? for the 8 m height and 96.63
N/mm? for the 10 m height at 135
degrees for 300 kg load for refined
hydraulic ladder. The maximum
stress occurred in the 8 m and 10
m is less than the yielding stress.
Similar types of experiments were
repeated for different heights (8 and
10 m) by lifting the platform, differ-
ent angle of rotation (45, 90, 135 and
180 degrees) and different loads (75,
150, 225 and 300 kg) and the maxi-
mum stress was noted. The stress
noted in the above said variables for
the hydraulic ladder is less than the
yielding stress.

Mechanical Performance of the
Hydraulic Ladder
(a) Factor of Safety
The factor of safety of any me-

Fig. 4 Von Mises stress for different height at 45 degree for 300 kg
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chanical device is the ratio of
maximum load bearing capacity to
the theoretical or design load bear-
ing capacity. The value of factor of
safety must be greater than or equal
to 2.

Factor of Safety = [Maximum
load on main beam (S + V)] /
(Theorrtical Load) [1]

Where,

S = Static load (load of bucket and
main beam load)

V = Variable load (operator's
loads, fruit load)

The equipment has been de-
signed in such a way that the main
beam could able to bear the vari-
able weight of around 100 to 150
kg which is to be considered as the
weight of the person on bucket.
But this has been demonstrated
pragmatically that the equipment is
capable of lifting effectively 300 kg
i.e. the weight of two persons and
fruits. This is therefore clear (Eq. 1)
that the factor of safety of the equip-
ment greater than 2.

(b) Height vs. Angle

The height of the platform ex-
cluding the height of the person
can be plotted X-Y plane with the
angle displaced by the main beam
from the horizontal. This can eas-
ily be realized that a circular path
is followed by the platform while it
moves up or down. The cage is kept
at the height of 3,250 mm from the
ground level. At the same time the
angle made by the main beam is 10°
from the horizontal.

The instantaneous relationship
in between height and angle for a
particular time can be given by the
formula

Hg =L Sin© [i]

where,

Hg = height of the platform from
its reference minimum height
Ho

L = length of the upper arm i.e.
6,000 mm

O = included angle by the beam
from horizontal

The reference height of the plat-
form i.e. H, is equal to 3,250 mm
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which can be calculated by adding
the vertical heights of the ladder and
sine of 10° of the beam length.
Therefore,
H, = 3,250 mm (approx.)

Cround vl

Table 2 shows the height in-
creased from the reference height
H, in each 5° variation of included
angle by the beam from the horizon-
tal.

The estimated maximum height
of the platform from the ground
level is 8,682 mm (28.9 feet) which
can be achieved at the angle of 65°
in the upper radial arm. Since this
machine contains two arms (lower
and upper arm) where one arm
(lower) is used for lowering the
bucket for the operators stepping
in and stepping out and this lower
arm also increases the height by
1 m so as to increase the vertical
height for the upper arm. By adding
this 1m height, the total maximum
height can be achieved by this ma-
chine is 9,692 mm (32.3 ft.) makes
an angle of 65° with reference line.

Table 2 Variation of height with angle ()

No further height could be achieved
beyond an angle of 65° and hence
the angle of elevation is restricted to
65°.

Conclusions

From the results, it is found that
variations in the resultant forces are
minimum for different heights (6,
8, 10 m), different angle of rotation
from 0-180° at an interval of 45 and
different varying loads 75, 150, 225
and 300 kg respectively. It is consid-
ered to be in a state of stability when
no sign of overturning is evident
with the hydraulic ladder in opera-
tion. The maximum stress observed
in the hydraulic ladder for, 8m and
10 m height with different loads and
different angle of rotation is 96.64
N/mm2 which is less than the yield-
ing stress which is 220.59 N/mm?2. It
is observed that the equipment has
been designed in such a way that the
main beam could able to bear the
variable weight of around 100 to 150
kg which is to be considered as the
weight of the person on bucket and
the factor of safety of the equipment
greater than 2. The estimated maxi-
mum height of the platform from the
ground level is 9,682 mm (32.3 feet)
which can be achieved at the angle
of 650 in the upper radial arm.

S. | Included angle by |Height of the bucket (Hg), mm Hzlgoh: nc:;‘ E{\J/(;I?e(tlj)r orr: n:he
No | the beam (©), deg Hex=LSin© H=H,+H,
1 15 1,552 4,802

2 20 2,052 5,302

3 25 2,535 5,785

4 30 3,000 6,250

5 35 3,442 6,692

6 40 3,857 7,107

7 45 4,243 7,493

8 50 4,596 7,846

9 55 4,915 8,165

10 60 5,196 8,446

11 65 5,432 8,682
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Abstract

A comparative study of three
different tractor models of similar
horsepower capacity namely, YTO-
750, YTO-754 and TAK DI-75 was
carried out at the experimental field
of the National Centre for Agri-
cultural Mechanization (NCAM),
lorin, Nigeria. The common tillage
implements mounted on these trac-
tors during ploughing and harrow-
ing operations were 3-bottom disc
plough and 18 blade off-set disc har-
row, respectively. The test parame-
ters measured during ploughing and
harrowing operations include travel
reduction (wheel slippage), draught
force, speed of operation, effec-
tive field capacity, theoretical field
capacity, field efficiency, time of
operation, drawbar power, tractive
efficiency, soil volume disturbed,
soil moisture content, soil bulk
density and soil cone index. The
experimental field measuring 50 m
by 100 m was laid in a randomized
complete block design (RCBD) and
which was replicated three times.
Test results revealed that TAK DI-
75 tractor performed best in terms
of fuel consumed during ploughing
and harrowing operations which
gave a total value of 7.20 I/ha. This
was immediately followed by YTO-

Dept. of Agricultural and Bioresources Engineering,
Michael Okpara University of Agriculture,
Umudike, Abia State, NIGERIA

4

754 tractor which gave a total value
of 7.60 I/ha for both tillage opera-
tions. Last among them was YTO-
750 tractor which gave a total value
of 11 I/ha for both tillage operations.

Keywords: tractor, ploughing,
harrowing, performance, operation,
soil

Introduction

In Nigeria, most farming opera-
tions are accomplished through the
use of hand hoes and cutlasses
which are labour intensive, time
consuming, drudgery laden and ex-
pensive. This traditional method of
farming in Nigeria puts serious lim-
itations on the growth of the nation’s
agricultural sector thus exacerbating
reduced food production leading to
increased food importation (Oyelade
and Oni, 2013). Agriculture plays
a major role in developed nation’s
economy. Therefore the word, agri-
culture, as defined by Lasisi (2010)
is the production of food and goods
through farming.

The world population has been on
the increase thereby demanding for
the production of more food to feed
the ever-increasing world popula-
tion. One of the approaches being
adopted to solve this food demand

0. A. Oyelade

Ph.D, Assistant Director (Engineering)

Dept. of Farm Power and Machinery,

National Centre for Agricultural Mechanization (NCAM),
llorin, Kwara State, NIGERIA

% yemibamigbdejdoyelade@gmail.com

is by substituting human power with
mechanical power in agricultural
production. Different terms in dif-
ferent situations have been used
to connote this mechanical power
substitution. These include Appro-
priate technology, Tractorization,
Selective Mechanization or simply,
Mechanization. The major operation
carried out in the field with the use
of mechanical power is tillage.
According to Ahaneku et al.
(2011), agricultural tillage involves
soil cutting, soil turning and soil
pulverization and thus demands
high energy, not just due to the large
amount of soil mass that must be
moved, but also due to inefficient
methods of energy transfer to the
soil. The most widely used energy-
transfer method is to pull the tillage
tool through the soil. This is mainly
realized with the use of tractors.
The most common and best
known power source in agriculture
today is the tractor which comes in
a wide range of types, makes, sizes,
power ratings and capabilities. With
such a wide range of engine power
technology systems to choose from,
it is relatively easy for the expert
to select and match a system that is
appropriate to a specific situation.
Considering all the relevant factors,
engine power technology is consid-
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ered the most appropriate mechani-
zation package for agricultural in-
tensification programmes in Nigeria
(Odigboh, 2000).

Aneke (1994) observed that out of
more than 25 million tractors in ex-
istence all over the world, 150,000
tractors representing 0.6% are found
to account for those in Sub-Saharan
Africa. The primary purpose of ag-
ricultural tractors, especially those
in the middle to high power range,
is to provide power to enable at-

Table 1 Tractor Specifications

tached soil engaging and other agri-
cultural implements to perform their
intended functions. The value of a
tractor is measured by its power rat-
ing and the amount of work accom-
plished relative to the cost incurred
in getting the work done. Drawbar
power is that achieved through the
drive wheel to move the tractor and
or implements through the soil.

The performance of tractor de-
pends on the performance of a
combination of traction devices and

Parameters Tractor Models
YTO-750 YTO-754 TAK DI-75
Effective output (hp) 74 74 75
Tractor type 4 Wheel 4-Wheel-Drive 4 Wheel
Crankshaft rated speed (rpm) 2,400 2,400 2,200
Bore/stroke (mm) 105/125 105/125 100/118
Displacement (cm?®) 4,300 4,300 3,707
No. of cylinders 4 4 4
Engine firing order 1-3-4-2 1-3-4-2 1-3-4-2
Type of cooling system Water-cooled | Water-cooled | Water-cooled
Type of fuel Diesel Diesel Diesel
Type of injector pump In-line In-line In-line
Fuel tank capacity (l) 135 115 65
Type of steering system Power steering | Power steering | Mechanical
Lifting capacity (kg) 1,651 1,346 2,500
Size of front tyre 7.50 - 16 11.2-24 7.50 - 16
Ply rating 8 8 8
Type of tread Radial Bias Radial
Recommended inflation pressure 147-196 147-196 250
for field work (kPa)
Size of rear tyre 14.9-30 16.9-30 16.9-30
Ply rating 10 10 10
Type of tread Bias Bias Bias
Recommended inflation pressure 147-196 147-196 110
for field work (kPa)
Wheel base (mm) 2,400 2,314 2,212
Country of origin China China India
Table 2 Implements Specification
Item Disc plough Off-set disc harrow
Type of implement Mounted Mounted
Number of bottom/blades 3 18
Diameter of disc (mm) 660 -
Diameter of plane blade (mm) - 570
Diameter of notched blade (mm) - 560
Spacing of disc (mm) 500 225
Lower hitch point span (mm) 800 750
Overall length (mm) 2,022 1,087
Overall width (mm) 880 1,084
Overall height (mm) 1,016 1,026

the performance of the tractor drive
train. While the efficiency of a trac-
tion device is defined as tractive ef-
ficiency, the efficiency of a complete
tractor is defined as power delivery
(Zoz et al., 2002). The attributes of
an efficient operation of farm trac-
tors include maximizing the fuel
efficiency of the engine and drive
train, maximizing the tractive ad-
vantage of the traction devices and
selecting an optimum travel speed
for a given tractor implement sys-
tem (Zoz and Grisso, 2003; Grisso
et al., 2008).

Draft force and energy require-
ments, based on current soil and op-
erations, are considered important
parameters for design and manu-
facture of improved tillage imple-
ments. Thus quantification of these
parameters with respect to different
soil failure patterns necessitates
having good knowledge of soil-
tool interaction. Tillage tools apply
forces to soil resulting to soil failure
for enhanced seedling emergence,
improved plant rooting, increased
infiltration rate, and controlled soil
erosion (Lindstrom et al., 1990). The
primary interest in tillage opera-
tions is the application of mechani-
cal forces by machines to change
the soil condition for agricultural
production purposes (Schafer and
Johnson, 1982). The continuous use
of agricultural tractors with its till-
age implements remains the only
way to tackle food demand of the
ever-increasing world population
by rapidly bringing more farm land
under cultivation.

This study was undertaken to
evaluate the performance of three
different tractor models in the field
in order to ascertain their perfor-
mance under Nigeria agro-climatic
condition so as to guide farmers or
tractor owners in selecting suitable
tractor for cost-effective operations.

Material and Methods

The performance evaluation of
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the three different tractor models
were carried out at the experimental
field of the National Centre for Ag-
ricultural Mechanization (NCAM),
llorin (370 m above sea level, Lon-
gitude 4°30'E, Latitude 8°26'N) in
the North Central States of Nigeria
under the southern guinea savannah
vegetation (Ahaneku and Onwualu,
2007). The experimental design for
the field evaluation was randomized
complete block design (RCBD) rep-
licated three times. The soil textural
classification of the three test sites
was sandy loam. A 50 m by 100 m
plot size was used for each test trail.
The implement used for plough-
ing operation was a 3-bottom disc
plough while that used for harrow-
ing operation was an 18 blade off-set
disc harrow. The specification of the
three tested tractors are provided
in Table 1. The specification of the
two implements used are provided
in Table 2. The pictures of the three
tested tractors are shown in Figs. 1
to 3.

Parameters measured include
speed of operation which was mea-
sured by determining the average
time it took the tractor to cover 20
m placed in-between the 100 m
length of the field; fuel consumed
for each tillage operation was mea-
sured by starting each tillage opera-
tion by filling the fuel tank before
use and then refilling the same
fuel tank after completing the till-
age operation; time factors such as
actual time, total time and turning
time used for each tillage operation
were measured with a stop watch;
draught force was determined using

Fig. 1 Pictorial view of YTO-750 tractor

Table 3 Results of field test on the three different tractor models during ploughing

operation
Measured parameters* Ploughing operation
YTO-750 YTO-754 TAK DI-75
Horsepower 74 75
Depth of cut (cm) 22.40 23.20 24.50
Width of cut (cm) 9291 123.81 143.67
Draught force (kN) 5.50 6.12
Effective field capacity (ha/h) 0.65 0.63
Field efficiency (%) 80.00 75.00 78.77
Tractive efficiency (%) 24.15 21.53 18.84
Travel reduction (%) 17.00 21.00 20
Time of operation (h/ha) 1.54 1.58
Speed of operation (km/h) 7.00 5.58
Drawbar power (kW) 12.00 10.69 9.49
Soil volume disturbed (m%/h) 1,321.60 1508.00 1,543.50
Sound level under working 63.72 65.80 76.88
condition (dB)
Fuel consumption (I/ha) 6.00 6.30

* Parameter values are average of three replicates

the trace tractor technique; depth
and width of cuts were measured
through the use of a measuring
tape; soil cone index was recorded
using the digital cone penetrom-
eter; soil moisture content was
determined through the use of oven
dried method; and soil bulk density
was determined from the mass per
unit volume of soil. The three soil
properties, namely, soil cone index,
soil moisture content and soil bulk
density were all measured at depths
0-7 cm, 7-14 cm and 14-21 cm. The
resulting average values of these
three soil properties form part of the
data collated.

All the parameters of the tractor-
implement performance were mea-
sured and recorded in line with the
recommendations of RNAM test
codes and proceedings for farm ma-

Fig. 2 Pictorial view of YTO-754 tractor

chinery technical series (1983).

2.1 Test Parameters
2.1.1 Travel Reduction (Wheel
Slippage)

Travel reduction (wheel slippage)
measured in percentage (%) can be
expressed mathematically as:

A=[(B,—B)/B,] x100% [1]

where,

A = travel reduction/wheel slip-
page (%)

B, = distance covered at every 10
revolutions of the wheel at no-
load condition (m)

B, = distance covered at every 10
revolutions of the wheel at load
condition (m)

2.1.2 Drawbar Power

Drawbar power measured in Kilo-
watts (kW) can be expressed math-
ematically as:

Fig. 3 Pictorial view of TAK DI-75 tractor
[
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Table 4 Results of field test on the three different tractor models during harrowing

2.1.7 Time of Operation

Time of operation measured in
hour per hectare (h/ha) can be ex-
pressed mathematically as:

R=1/F
where,

(8]

R = time of operation (h/ha)

F = effective field capacity (ha/h)
2.1.8 Tractive Efficiency

Tractive efficiency measured in
percentage (%) can be expressed
mathematically according to (Mac-

millan, 2002) as:

S =C/T x 100%

where,

(%]

operation
x Harrowing operation
Measured parameters YTO-750 YTO-754 | TAKDI-T5

Horsepower 74 74 75
Depth of cut (cm) 23.44 22.00 13.00
Width of cut (cm) 153.55 163.57 196.10
Draught force (kN) 5.90 5.20 3.63
Effective field capacity (ha/h) 1.02 1.12 1.03
Field efficiency (%) 73.00 78.00 75.36
Tractive efficiency (%) 30.02 25.29 13.98
Travel reduction (%) 11.00 13.00 6.79
Time of operation (h/ha) 0.98 0.89 0.97
Speed of operation (km/h) 9.10 8.70 6.98
Drawbar power (kW) 14.91 12.57 13.11
Soil volume disturbed (m%/h) 2,390.88 2,464.00 1,339.00
Sound level under working 69.27 64.70 67.11
condition (dB)
Fuel consumption (I/ha) 1.60 0.90
* Parameter values are average of three replicates

C=(D x E) /3.6 (constant) [2] as:

where, K=G (3600)/ L [5]

C = drawbar power (kW) where,

D = draught force (kN) K = theoretical field capacity (ha/

E = speed of operation (km h?)
2.1.3 Effective Field capacity

Effective field capacity measured
in hectare per hour (ha/h) can be ex-
pressed mathematically as:

F =G (3600)/H [3]

where,

F = effective field capacity (ha/h)

G = area of field (ha)

H = total time taken in completing

the whole tillage operation (s)

2.1.4 Field Efficiency

Field efficiency measured in per-
centage (%) can be expressed math-
ematically as:

1=F (100%) /J [4]

where,

I = field efficiency (%)

F = effective field capacity (ha/h)

J = theoretical field capacity (ha/h)

Theoretical field capacity can fur-
ther be expressed mathematically

h)
G = area of field (ha)
L = actual time taken in doing the
main tillage work (s)

2.1.5 Soil Volume Disturbed

Soil volume disturbed measured
in meter cube per hour (m*h) can be
expressed mathematically as:

M = 10000FN [6]

where,

M = soil volume disturbed (m3/h)

F = effective field capacity (ha/h)

N = depth of cut (m)
2.1.6 Fuel Consumption

Fuel consumption measured in
litre per hectare (I/ha) can be ex-
pressed mathematically as:

P=Q/G [7]

where,

P = fuel consumption (1/ha)

Q = volume of fuel consumed (1)

G = area of field (ha)

S = tractive efficiency (%)

C = drawbar power (kW)

T = wheel power (kW)

We assume power losses in the
transmission from engine to the
wheels of, say 10%, then the expres-
sion becomes:

S=C/(0.9 xU)

where,

S = tractive efficiency (%)

C = drawbar power (kW)

T = engine power (kW)

(10]

Results and Discussion

3.1 Results

The results of the data collected
for the three different tested trac-
tor models during ploughing and
harrowing operations are presented
in Tables 3 and 4, respectively.
Likewise the results of the effects of
tractor performance on soil physi-
cal properties during ploughing and
harrowing operations are presented
in Table 5.

3.2 Discussion
3.2.1 Tractive Efficiency

The tractive efficiency values as
calculated for the three different

Table 5 Effect of field operation on soil physical properties during ploughing and harrowing operations

Ploughing operation Harrowing operation
Tractor Model | Average moisture | Average bulk Average cone | Average moisture| Average bulk Average cone
content (%) density (g/cmq) index (N/cm?) content (%) density (g/cm?) index (N/cm?)
YTO-750 9.37 1.43 39.05 8.13 1.26 13.55
YTO-754 8.44 1.47 51.68 7.64 1.38 20.66
TAK DI-75 9.07 1.49 65.20 8.92 1.31 17.00
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tractor models tested as shown in
Tables 3 and 4 showed that tractive
efficiency varied from 18.84% to
24.15% for ploughing operation and
from 13.98% to 30.02% for harrow-
ing operation. These low values of
tractive efficiency recorded in both
tillage operations is indicative of
the energy potentials of these trac-
tor models for tillage work. This
available energy makes these trac-
tors highly useful in places where
there is need for heavier agricultural
implements.
3.2.2 Travel Reduction

The traction efficiency of any
tractive device is affected by travel
reduction. As shown in Tables 3 and
4, it was observed that YTO-754
which is a four-wheel-drive (4WD)
tractor gave the highest travel reduc-
tion values during ploughing and
harrowing operations with a record
of 21% and 13%, respectively.
3.2.3 Drawbar Power

Results presented in Tables 3 and
4 showed that for all implements
(3-bottom disc plough and 18 blade
off-set disc harrow), mounted on the
three different tractor models, the
drawbar power ranged between 9.49
kW and 12 kW for ploughing op-
eration and between 12.57 kW and
14.91 kW for harrowing operation.
In both tillage operations carried out
by the three different tractor models,
YTO-750 tractor of 74 hp (55.2 kW),
exhibited the highest drawbar power
value of 12 kW during ploughing
operation while TAK DI-75 tractor
of 75 hp (565.95 kW) exhibited the
least drawbar power value of 9.49
KW during ploughing operation. In
the case of harrowing operation,
YTO-750 tractor of 74 hp (55.2 kW)
exhibited the highest drawbar value
of 14.91 KW while YTO-750 tractor
of same 74 hp (55.2 kW) exhibited
the least drawbar power value of
12.57 kW. This simply shows that
YTO-750 tractor recorded the high-
est drawbar power values for both
tillage operations which may be as
a result of higher speed of operation
obtained in both tillage operations

which is in agreement with the find-
ings of Oyelade and Oni (2013).
3.2.4 Sound Level

The lowest and highest sound lev-
el recorded under working condition
for the three different tractors tested
during ploughing operation were
63.72 dB and 76.88 dB, respectively.
While during harrowing operation,
the lowest and highest sound level
recorded under working condition
for the three different tested tractors
were 64.70 dB and 69.27 dB, re-
spectively. The minimum and maxi-
mum sound level values obtained
for these three tractors during their
performance evaluation showed that
they were all within the acceptable
human hearing limit and hence con-
sidered safe for the tractor operator.
3.2.5 Fuel consumption

Results presented in Tables 3 and
4 showed that fuel consumption
ranged between 6 I/ha and 7 1/ha for
ploughing operation and between
0.90 I/ha and 4 I/ha for harrowing
operation. In both tillage operations
carried out by the three different
tractor models, YTO-750 tractor
of 74 hp (55.2 kW), exhibited the
highest fuel consumption value of
7 I/ha during ploughing operation
while YTO-754 tractor of 74 hp
(55.2 kW) exhibited the least fuel
consumption value of 6 I/ha during
ploughing operation. In the case
of harrowing operation, YTO-750
tractor of 74 hp (55.2 kW) exhibited
the highest fuel consumption value
of 4 I/ha while TAK DI-75 tractor
of 75 hp (55.95 kW) exhibited the
least fuel consumption value of 0.9
I/ha. This simply shows that YTO-
750 tractor recorded the highest fuel
consumption values for both tillage
operations which may be as a result
of higher drawbar power recorded
for both tillage operations which is
in agreement with the findings of
Oyelade and Oni (2013).
3.2.6 Soil Volume Disturbed

Soil volume disturbed is a func-
tion of effective field capacity and
depth of cut. The performance
evaluation conducted on the three

different tractor models showed that
TAK DI-75 tractor of 75 hp (55.95
kW) had the highest soil volume
disturbed value during ploughing
operation with a calculated value of
1,543.50 m®h which may be attrib-
uted to higher depth of cut value ob-
tained during field evaluation of the
tractor. Likewise YTO-754 tractor
of 74 hp (55.2 kW) had the highest
soil volume disturbed value during
harrowing operation with a calcu-
lated value of 2,464 m%h which may
be as a result of higher effective field
capacity value obtained during field
evaluation of the tractor.
3.2.7 Soil Measurements

The soil measurements taken for
average moisture content, average
bulk density and average cone in-
dex before the commencement of
ploughing operation as shown in
Table 5 for the three tested tractors
were found to be higher than the
three soil measurements taken be-
fore the commencement of harrow-
ing operation.
3.2.8 Best Choice of Tractor

In the present economic situation
of the world, an average farmer or
tractor owner will consider the total
amount of fuel needed to plough and
harrow his or her farm plot in deter-
mining the choice of tractor to se-
lect. As a result of this, TAK DI-75
tractor performed better in terms of
economic value by having the low-
est fuel consumption value of 7.20 1/
ha which accounted for both tillage
operations. This was immediately
followed by YTO-754 tractor which
recorded a total fuel consumption
value of 7.60 I/ha for both tillage
operations. Finally, YTO-750 trac-
tor came last as the tractor recorded
the highest fuel consumption value
obtained during both tillage opera-
tions which accounted for a total
value of 11 I/ha. Going by economic
terms, TAK DI-75 tractor of 75 hp
(55.95kW) was selected the best
among the three sets of tested trac-
tors.
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Conclusion

Three different tractors nearly of
similar horsepower were tested at
the experimental field of the Nation-
al Centre for Agricultural Mechani-
zation (NCAM), llorin, Nigeria. All
test parameters measured during
ploughing and harrowing operations
were found to be of satisfactory per-
formance. However, in the choice of
selecting the best performed trac-
tor, TAK DI-75 tractor was selected
based on the lowest amount of fuel
used to carry out both ploughing
and harrowing operations which
amounted to 7.20 I/ha. This selected
tractor will be of great benefit to the
farmer or tractor owner in the area
of minimizing the cost of produc-
tion. Closest to the choice of TAK
DI-75 tractor is that of YTO-754
tractor which used a total amount of
7.60 I/ha to carry out both ploughing
and harrowing operations. More im-
portantly, it should be noted during
this study that no statistical analysis
was carried out on the results ob-
tained to establish their confidence
level.
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Abstract

The tractor-mounted and hydrau-
lically operated real-time sensor-
based integrated system for measur-
ing soil compaction and electrical
conductivity of soil was success-
fully developed and evaluated in the
field. The design parameters of the
developed soil sensor were simi-
lar to ASAE Standard S313.3 with
the incorporation of soil electrical
conductivity measuring sensors at
the tip of the cone of the cone pen-
etrometer. The major components
of the developed cone penetrometer
were a frame, hydraulic cylinder,
probe, ultrasonic depth sensor, glob-
al position system (GPS), control
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panel, and data acquisition system.
The Finite Element Analysis (FEA)
of the critical parts as well as the
whole assembly with different types
of materials was done by using AN-
SYS software. Structural steel was
selected for the construction of the
frame of the soil sensor due to easy
availability and cost efficiency. The
En8 was selected for the fabrication
of the probe of the assembly and
low carbon-based steel (EN8 BS970
080M40) material was selected for
the hydraulic cylinder. The devel-
oped soil sensor was evaluated in
two different types of soil at two dif-
ferent locations after the harvesting
of the wheat crop, where the paddy
crop was the previous crop in rice-
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wheat rotation, and paddy residue
was managed as per the treatments.
The developed soil sensor showed
a mean sensing accuracy of 95.4%
for soil compaction measurement
in comparison with manual cone-
penetrometer and, 73.94% for soil
electrical conductivity measurement
in comparison with standard labo-
ratory methods in both locations
in both types of soil. The overall
results of the developed soil sen-
sor concluded that it was feasible to
adopt the developed soil sensor to
establish a reliable and faster soil
compaction monitoring system with
EC measurements.

Keywords: Agricultural Machin-
ery, Soil Compaction, Electrical
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conductivity, Cone Penetrometer,
Stress Analysis, Stress Distribution
of Soil Sensor.

Introduction

Soil compaction is the solidifi-
cation of soil particles into small
volumes due to which the available
size of pore space for air and water
gets reduced. It is a serious and pre-
ventable form of soil degradation
that may result in decreased crop
yield production. Intensive farm-
ing of crops has extended all over
the world which involves the use of
heavier new introduced machinery
systems and shorter crop rotations,
leading to an increase in soil com-
paction (Poesse, 1992). Measure-
ment of electrical conductivity of
soil is the simplest and least costly
method available today which can
provide quick and reliable informa-
tion about soil health in a very short
amount of time than the traditional
method of grid sampling. It can be
easily associated with specific soil
properties that affect crop yields,
such as topsoil depth, pH, the con-
centration of salt, and water holding
capacity.

It can be frequently used for the
assessment of soil quality, soil sa-
linity percentage, pH, moisture con-
tent, and topsoil depth which can
be correlated with yield variation
(Johnson et al., 2001, Larney et al.,
1989 and Corwin et al., 2003). Dif-

ferences in soil properties are often
the major reason for yield variability
and measurement of soil electrical
conductivity has the potential to
guesstimate various variations in
some soil physical properties in a
field. Methods for calculating or cal-
ibrating soil salinity from electrical
conductivity have been discussed
by many researchers and scientists,
including, Nielsen (1973), Rhoades
(1993) and Herrero et al., 2003. In
addition to this, other properties
were also recorded with the elec-
trical conductivity measurements
using calibrated techniques such as
moisture content in soil (Kean et al.,
1987; Sheets and Hendrick, 1995;
Khakural et al., 1998), clay content
of soil (Williams and Hoey, 1987),
clay pan depth identification (Doo-
little et al., 1994) and fertility status
of soil (Carlos et al., 2001 and Wol-
lenhaupt et al., 1994).

With the current advancement
in precision agriculture, spatial
variation of soil compaction and
electrical conductivity of soil has
been the center of attention by many
researchers in their research (Ku-
mar and Bector, 2022). Sudduth et
al. (2004) developed a hydraulically
actuated probe having an electri-
cal conductivity sensor at the tip to
measure soil compaction and elec-
trical conductivity simultaneously.
In recent years, many integrated soil
sensor systems have been developed
for measuring soil compaction and
electrical conductivity for three-di-

mensional mapping and are mainly
based on soil strength sensors, water
content sensors, and conductivity
sensors. It has been acknowledged
that the recommended methods of
using a hand penetrometer (with
high accuracy) require more time
and intense effort for direct mea-
surement of a huge amount of soil
compaction in field conditions,
which is labour-challenging and
uneconomical for field mapping on
large scale (Dexter et al., 2007).
Determination of indirect meth-
ods of measurement along with
their geographical coordinates has
therefore become a more pleas-
ing substitute (Gaultney, 1989).
Similarly, measurement of electrical
conductivity by laboratory process
or by an indirect method is also
laborious and time-consuming, es-
pecially when large samples are to
be analysed. Very limited research
has been done on such technologies
that can establish a reliable, faster,
and demonstrate cost-effective soil
compaction monitoring system
simultaneously with EC measur-
ing systems in geotechnical site
investigations (Grisso et al., 2009).
However, equipments are available
in advanced countries to measure
real-time data of the electrical con-
ductivity by grid mapping like Veris
3100 which is bulky and costly but
the farmers do not have access to
such costly types of equipment.
Therefore, the objective of the study
was to develop and evaluate the

Fig. 1 Conceptual design and working mechanism of the sensor based integrated system (Patel, 2019)
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tractor-operated real-time integrated
sensor for measurement of soil com-
paction simultaneously with electri-
cal conductivity to directly acquire
the real-time geo-referenced data in
the agricultural field to save time,
resources and estimate numerous
soil-related or associated problems
accurately for the farmers in the
present era of precision agriculture.

Objective

Measurements of soil compaction
and electrical conductivity are com-
monly done with the help of hand-
held cone penetrometer and labora-
tory techniques respectively, which
is a time-consuming, tedious, and
laborious method. Therefore, we
aimed to develop a tractor-operated
real-time soil sensor for measuring
soil compaction and electrical con-
ductivity of soil simultaneously with
GPS-enabled grid sampling and
mapping strategy to reveal the soil
profile variability within the field
for site-specific management.

Material and Methods

2.1 Conceptual Design of the Real-
time Sensor-based System

The conceptual design and work-
ing mechanism of a sensor-based
integrated system for measuring
soil compaction and electrical

Fig. 2 Sensor-based integrated system with various

components mounted on the frame

Hydraulic hose pipes

conductivity was developed based
on the functional requirements,
technical information, and review
of the literature (Fig. 1). The major
components of a sensor-based in-
tegrated system for measuring soil
compaction were characterised into
the mechanical and electronic unit.
The mechanical unit comprised of
frame, probe, hydraulic cylinder,
valve system, and hydraulic hose
pipes. The assembly components of
the machine were mounted on the
metal frame and the frame was at-
tached to tractor through a three-
point linkage system.

The designed soil sensor was op-
erated with the help of a tractor hy-
draulic system having a compensat-
ing valve and pressure control relief
valve. If the hydraulic fluid pressure
was found greater during operation,
it could be easily managed by the
pressure relief valve. The solenoid
valve which acts as a directional
control valve was incorporated in the
design to provide fluid orientation
to the top or bottom of the hydraulic
cylinder because the probe attached
to the piston rod of the cylinder re-
quired the up and down movement
to capture data vertically into the
soil layers. Therefore, the up and
down direction of hydraulic fluid
was controlled by an electronically
programmed solenoid valve, oper-
ated with the help of a 12-volt tractor

operated soil sensor

battery. The S-type load cell unit
(500 kg) was connected at the end of
the piston rod from the upper inbuilt
groves of the load cell and to the
probe through lower inbuilt groves
for mounting purposes, to measure
the quantity of load phased by cone
base of the probe during insertion
and sends data to the control panel.
At the end of the probe a conical
attachment, four electrodes were fit-
ted inside the electrode housing for
electrical conductivity measurement
(Wenner Array method). As the
system required depth-wise record-
ing of the soil profile, therefore the
ultrasonic type of depth sensor (HC-
SR04 sensor module) was selected
for the measurement of the insertion
depth continuously at particular
depth intervals. GPS (NEO-6MV?2
GPS module) was also mounted on
the soil sensor for recording discrete
point sampling locations and making
grid size. All the electronic compo-
nents and sensors were integrated
as per the required output through
programming logical control (PLC)
inside the control unit. The designed
model of the whole assembly unit
sensor-based integrated system for
measuring soil compaction and elec-
trical conductivity of soil based on
the conceptual design is shown in
Fig. 2. The drafting of the machine
with engineering details is shown in
Fig. 3.

Fig. 3 2D drafting of the sensor based integrated system of tractor
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Fig. 4 Stress plot and factor of safety
of the three selected materials
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2.2 Design Parameters for the Devel-
opment of Mechanical Components
of the Sensor-based Integrated

2.2.1. Probe
The following factors were taken

into account in the design of the

probe:

(i) The homogeneity or uniformity
of the probe material over the en-
tire length.

(ii) Provision for passage of wires
circuitry through hallow space
along the center line of probe

(iii) The overall diameter of the soil
sensor’s probe was kept smaller
than the diameter of the upper
cone’s base to avoid any side
thrust on the probe surface.

The probe diameter according to
ASABE standards (2006) was 15.8
mm for soft soil and 19.53 mm for
hard soil. The later size for hard soil
was taken into consideration for
probe design. A slight modification
due to the incorporation of electrical
conductivity sensors and maximum
designed pressure (10 MPa) was pre-
ferred over the standard dimension
as earlier sensors were designed at
a maximum pressure of 2 to 5 MPa
pressure. Based on the preliminary
studies two sizes of probe diameter
were selected for analysis (18 and 20
mm) using ANSYS software which

Fig. 5 2D and 3D model of the probe of the soil sensor (All

dimensions are in mm)

confirmed that 20 mm probe shaft
diameter was a better option over
18 mm (Patel, 2019). The probe of
the soil sensor was analysed in AN-
SYS software to check its strength
against the reactive forces with
three materials (EN8, EN31, and
Tungsten) on 20 mm diameters. A
force of 10 MPa was applied at the
top of the probe with fixed support
at the bottom of the probe. The EN8
material was finally selected based
on the factory of safety and easy
availability of the material (Fig. 4).
The Factor of safety is the ratio of
the yield stress of the material and
the actual load. The factor of safety
greater than 1.5 was considered
safe for any industrial machine.
The probe was available in the form
of solid and hollow bars of EN8
in the market of various sizes and
dimensions but the hollow pipe de-
sired dimension was not available
in the market. Therefore, a solid
bar of EN8 material of 650 mm in
length with 20 diameters was pro-
cured from the market and drilled
throughout the length of the shaft
length for the passage of wire from
the cone electrical conductivity
sensor. The shaft of the probe was
threaded from the inside to attach
the cone to the bottom of the shaft
and outside from the upper part for
attachment to the load cell (Fig. 5).
The shaft was threaded with M20 x
1.5 according to the (IS 2186: 1985).

The cone of 30° angle of EN8
material was selected as per the
desired requirements. However, the
cone was grinded to achieve the

desired dimensions as per ASABE
standards (2006). The cone had an
external thread according to Indian
standards (IS 2186:1985) as M12
x 1.5, where M12 and 1.5 were the
nominal and pitch diameters re-
spectively as per the drawing. The
provision for electrode fitting was
made in the extended part of the
cone by drilling holes of 3 mm at an
equidistant of 2 mm. The drilling of
holes in the cone was very difficult
due to less availability of space. The
cone was first slightly heated before
drilling for easy and accurate drill-
ing. A 3D and 2D view of the cone
is shown in Fig. 6.
2.2.2. Frame

The frame was the most impor-
tant component of the hydraulic-
operated soil sensor where all the
assembly units were mounted on the
frame. The frame was hinged to the
tractor and the hinge was modified
according to the three-point linkage
system of the tractor of category
Il type. The weight of the machine
needed to be enough to withstand
the upward thrust and any jerk that
could lead to the buckling of the
probe. The structure needed to be
strong enough from welded joints
to withstand the opposite thrust
and able to distribute the pressure
equally over the total frame surface
for aimed stability. Therefore, FEA
analysis of the frame was required
to be carried out to predict the be-
haviour, strength, and structural
failure of the frame. The structural
analysis of the frame with different
types (Structural steel and chrome-

Fig. 6 2D and 3D model of the probe of the soil sensor (All

dimensions are in mm)

<H..__.

| 650 mm

—

0 Potential electrodes

() Current elecirodes

a= electrode” distance

VOL.55 NO.1 2024 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA 59



based steel: 4130) of the materials
helped in the selection of materials
and better understanding of the crit-
ical failures of the structural defor-
mation at critical points under criti-
cal load and stress. The mechanical
properties of the material along with
the factor of safety analysed in AN-
SYS software are shown in Table 1.

The frame was fabricated and
welded with the help of MIG weld-
ing as per the drawing by using
structural steel (S275) rectangular
cross-sectional vertical and hori-
zontal columns according to Indian
Standards (IS 4923:1997). The di-
mensions of the cross-sectional and
horizontal columns were 80 x 40 x
3 mm and 40 x 40 x 3 mm respec-
tively. At the bottom of the frame, a
sheet of structural steel (S275) metal
with the base plate attached was
(1164 x 600 x 4 mm) for the stabil-

ity of the frame in the soil during
operation. It was additionally sup-
ported at many locations to increase
the strength of the frame. The main
support columns of the frame lift
the overall weight of the soil sensor
machine where three-point linkage
was welded and consisted of 100
x 40 x 4 mm. A rectangular box
(70 x 120 x 800 mm) of structural
steel was welded at the center of the
frame for placement of hydraulic
cylinder in the re-modified design.
The total length, width, and height
of the frame were

116.5, 60.0 and 117.5 cm respec-
tively. A control box of structural
steel was also attached to the middle
support columns for the safety of
the electronic circuits and control
panel of the soil sensors. Different
views of the fabricated frame are
shown in Fig. 7.

Table 1 Mechanical properties of the material selected for frame analysis

2.2.3. Hydraulic Cylinder

The hydraulic cylinder was the
main component of the whole as-
sembly of the soil sensor which acts
as a hydraulic fluid that converts the
energy of the fluid into useful ac-
tion. From the literature reviewed, it
was observed that the probe during
insertion required some force dur-
ing the withdrawal of the cone from
the soil (Patel, 2019). Therefore, a
double-acting hydraulic cylinder
was selected for the development of
the soil sensor as it was more effi-
cient than a single-acting hydraulic
cylinder in terms of extracting and
retracting positions. The double-
acting hydraulic cylinder of the
soil sensor was analyzed in AN-
SYS software to check its strength
against the reactive forces inside the
cylinder housing and the results are
shown in Table 2. Finite Element
Analysis (FEA) of the cylindrical
part was performed to check its
strength against the reactive forces

S. ] Material Name inside the cylinder housing. The cut
No. Mechanical Property Structural steel (5275) | AISI 4130 Alloy Steel section view of the hydraulic cylin-
1 | Composition (%) C=023,Mn=07,P= C=033 Cr=11,Mn der is shown in Fig. 8.
0.03,S1=0.3,S<0.04| =09,Mo=0.25P< The hydraulic cylinder was
0.035, Si=0.35,S <0.04
2 | Yield strength (MPa) 275 360 Fig. 7 Side and Front view of the
3 | Young’s modulus (MPa) 200,000 210,000 fabricated frame of the soil sensor before
4 | Poisson’s ratio 0.3 0.3 placement and fitting of the sensor
5 | Density (g/cmq) 7.85 8.3
6 | Cost, Rs./kg (approx.) 65 500
7 | Factor of Safety (FOS) recorded 6.5 19
due to its self-weight
8 | Factor of Safety (FOS) 5.14 14.8
recorded due reaction load by
the hydraulic cylinder

Table 2 Mechanical properties and analysis results of cylinder tube in ANSYS
software

Name Value
Material Medium carbon steel (BS 970 070M20)
Composition (%) C=0.36, Mn=0.60, P=0.05, S = 0.005, Si=0.10
Density (g/cm?3) 7.9
Young’s modulus (N/m?) 2 x 104
Poisson’s ratio 0.3
Yield strength (MPa) 280

Results Minimum Value Maximum Value
Total deformation (mm) 0.00 0.93394
Equivalent von mises

stress (MPa) 27.631 145

Factor of Safety, FOS = 1.9
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Fig. 8 Cut Section view of hydraulic cylinder used

in soil sensor
Branch pipe

Piston seal
Washer

mounted on the cross-sectional
rectangular bars of the frame which
pushed the probe into the soil. The
upper top end of the hydraulic cylin-
der was welded and fitted in the rect-
angular box for the structural stabil-
ity of the machine during penetra-
tion. The rectangular box the welded
with the upper base of the frame
and middle columns of the frame.
The length, breadth, and height of
the box were 120, 120 and 800 mm.
Two cutouts from the rectangular
box were made for the attachment
of the hydraulic hose pipe’s connec-
tions. The black PVC high-pressure
hydraulic hose pipe of 1-inch nomi-
nal size of the maximum operating
pressure of 207 bar was selected for
hydraulic circuitry with attachment
of quick release coupler connector.
The hydraulic valve housing was
placed in the rectangular box (250
x 230 x 200 mm) welded with the
rectangular box of the hydraulic cyl-
inder and middle columns support
of the frame (Fig. 9).

Fig. 10 Interfacing of S-Type Load Cell and HX711 amplifier
with Arduino UNO developed in TINKERCAD software

cylinderint

2.3. Selection of Sensors/Instru-
ments for the Development of
Tractor-operated Integrated Soil
Sensors for Measuring Soil Com-
paction and Electrical Conductivity

The sensors selected for the devel-
opment of a sensor-based integrated
system for measuring soil compac-
tion and electrical conductivity of
the soil were an S-type load cell,
ultrasonic depth sensor, electri-
cal conductivity measuring sensor
based on the Wenner Array method,

GPS (Global positioning system),

and solenoid valve.

2.3.1 S-type Load Cell

There is a variety of S-type load
cells available in the market based
on the capacity (10-10,000 kg), de-
pending upon different classes of

accuracy such as A, B, C and D.

S-type load cells provide precise

electrical output under tension and

compression load. Therefore, based
on the design requirement of the soil
sensor the capacity of the load cell
was calculated based on the maxi-
mum cone index and the base area

MCU

Fig. 9 Fabrication and fitting of hydraulic
he hydraulic housing

10uS Pulse

ta Trigger
B ﬁ T TX
Eight 40KHz

of the cone.

. Maximum force (N)
l = cone index (MPa)

- x base area of cone

(mm?) =10 x 323 =

3230 N = 330 kg (ap-

prox.)

Therefore, a load
cell of 500 kg capac-
ity of class “A” was
selected for the study
which was able to record force up to
15 MPa. The signals produced from
the load cell when force is applied
are very low in the millivolt range
which are processed with the help
of a signal amplifier consisting of an
HX711 chip with analog-to-digital
conversion capabilities with 24-bit
resolution. The HX711 unit magni-
fies the output of the low voltage
signals of the load cell and sends it
to Arduino so that the Arduino can
finally calculate the force from the
signals into the digital output (Fig.
10).

2.3.2 Ultrasonic Depth Sensor

The HC-SR04 ultrasonic depth
sensor was used for measuring the
depth of insertion of the probe. It
works on the principle of sound
waves which was integrated with
load cell and electrical conductivity
data through the control unit. The
HC-SR04 sensor module consists of
two projectors (eyes) which act as
transmitter and receiver. The ultra-
sonic receiver module transmits an
ultrasonic wave that travels in the

Fig. 11 Pulse generating timing diagram and interfacing of the
HC-SR04 ultrasonic depth sensor with Arduino
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air and gets reflected when opposed
by any project that is received by the
receiver module. The built-in cir-
cuitry on the module calculates the
time taken for the ultrasonic wave to
return or come back. The distance
was calculated from the speed and
time traveled by the wave through
the duration measurement function
of the Arduino UNO. The Arduino
reads the inputs, processes them,
and generates digital output (Fig.
11). The HC-SR04 can measure the
distance from 1 to 400 cm with an
accuracy of 0.2 cm and an operating
frequency of 40Hz.
2.3.3 Electrical Conductivity Mea-
suring Sensor

Copper electrodes with excellent
sensitivity to electrical conductivity
(5.96 x 107 s/m) were selected for
the development of electrical con-
ductivity sensors as per availability
in the market. The four electrodes of
3 mm diameter and 8 mm length at
an equidistant of 2 mm were fitted
inside the electrode housing of the
cone according to the Wenner Array
configuration. The electrodes were
covered from the outside with epoxy
resin tape to insulate the electrodes
from the cone. The devel-

oped sensor measured the Fig. 12 Interfacing of electrical conductivity
sensor with LM393 module and Arduino UNO

output voltage according to
the variable resistance of-
fered inside the soil profile.
The external voltage and
current were supplied to the
two internal and external
electrodes due to which po-
tential difference occurred
between the two internal

Fig. 14 CH376S USB flash module with pinout layout used for

file storage

Voltage output
(335V)

g
2
5
!
b

electrodes. The sensor system was
powered with a 12 V lithium acid
battery of the tractor and attached to
the potentiometer (LM393 module)
to provide voltage output according
to the electrical resistance offered
by soil to the EC sensing probe. The
interfacing of the LM393 module
and electrodes with the microcon-
troller is shown in Fig. 12.

2.3.4 GPS (Global Positioning Sys-
tem)

The study required a high-resolu-
tion GPS to record instant and real-
time data that contains geographical
reference sites for soil profile mea-
surements to map spatial changes
in the soil. The NEO-6MV2 GPS
module Receiver was selected for
the developed soil sensor which
was integrated with cone index and
EC data at each point of penetra-
tion. The GPS module has high-
performance features even in bad
challenging environments with a U-
blox six positioning engine which
provides its position on earth in
longitude and latitude. This module
was very flexible and cost-efficient
offers several connectivity options
in a small compact package. The
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view of the NEO-6MV2 GPS mod-
ule is shown in Fig. 13.
2.3.5 Data Logger

A data logger was used for re-
cording and saving the data in real-
time from all the integrated sensors.
The CH376S USB flash module
was used as a data logger and was
interfaced externally with the mi-
crocontroller (Fig. 14). The CH376S
module is a file manager (control
chip) that was interfaced with the
Arduino Uno which reads and
writes in the USB port flash drive.
It sets up the basic USB firmware
internally and supports USB-HOST
and USB-Device Mode.
2.3.6 Display

The large-size liquid-crystal dis-
play module (JHD162A) which has
its light-emitting source was used
for displaying the sensor’s output
data in real-time. It could display 80
characters i.e., 20 characters in each
4 rows. It was a very compact type,
simpler in design, with lower power
consumption and excellent user
interference with Arduino. More-
over, the inbuilt quality, safety, and
durability of the (JHD162A) module
made it an excellent choice over the

Fig. 13 Complete view of NEO-6MV2 GPS
module and pinout configuration

Antenma

Fig. 15 Liquid-crystal display module (20 x 4) used for
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previous graphic display (Fig. 15)
2.3.7 Wi-Fi Module

The Wi-Fi module was used for
creating an access point and could
be connected to a hotspot or Wi-Fi
which made it easy to upload and
transfer data online by making the
Internet of Things (loT) easily pos-
sible. It was used for controlling the
operation of the soil sensor and dis-
playing the real-time screen display
through mobile phones remotely.
The Node-MCU (ESP32) was used
in the current study because of its
compatibility and easy availabil-
ity (Fig. 16). The Node-MCU was
an open-source software platform
and its multipurpose loT controller
(SDK) and hardware development
environment were built around a
low-cost chip system called ESP32
chip having compatibility with Ar-
duino Uno.
2.3.8 Solenoid Valve

For suitable operation of the de-
signed system of the soil sensor,
the piston of the cylinder must be
extended (lowering), retracted (rais-
ing), and stay neutral if there is no
need to retract. The solenoid type
directional control (5/3) valve was
therefore used for raising, lowering,
and neutral positions. A 5/3 solenoid
valve had 5 ports and 3 positions in
which one port was input, the other
two output, and the remaining two

Fig. 16 ESP32 module and pinout description

(Anon, 2021)
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were exhaust ports. The
electromagnetic electri-
cally operated separate
2-channel relay module
(HL-52S relay and HW-316
LM2596 power relay) was
used for power supply and
controlling the high volt-
age solenoid valve working

Fig. 18 Arduino Uno microprocessor used for
control panel mechanism

Ty p—

through the microcon-
troller. The 5/3 solenoid

Type B

USB Cable Connector

valve can be stopped at any
midpoint so that if data is required
up to a certain depth rather than
60 cm can be easily taken or at any
troubleshooting in the mechanical
system. The view of the solenoid
with assembly components is shown
in Fig. 17.
2.3.9 Arduino

It is a small computer that reads
the data from the sensor, embedded
with a microcontroller that moni-
tors, performs transformation, and
makes decisions on the sensor’s
input and output signals. It was used
to monitor the speed and depth of
penetration of the actuator based on
the programming language to con-
trol the required output. The control
panel was designed with the help
of an Arduino Uno microcontroller
based on ATmega 328P which was
equipped with a high-performance
AVR technology microcontroller
having multiple programming op-

Fig. 17 Solenoid directional control valve (5/3)
selected for development of soil sensor

‘Wire connection pin output

tions for a wide variety of different
solutions (Fig. 18).
2.3.10 Development of Control
Panel and Integration of Sensors
A series of preliminary tests
were performed to technically au-
thenticate the functionality of the
developed soil sensor in both the
hardware and software stages. Dur-
ing these preliminary tests, some
improvements in the mechanical as
well as in the software system were
rectified and made in the final im-
proved designed system. The major
improvement was adding safety
features to the designed soil sensor
system. A visual 360° LED light
indicator with a buzzer for sound
alert was added in the software
system and placed at the top end of
the soil sensor to alert the operator.
When the load on the soil sensor
was found above the pre-defined
minimum threshold limit of 8.5
MPa, then it was programmed in the
control panel that the
soil sensors would
produce a sound alert
with an indication of
red-light signals and
warning signals on
the screen display.
When the soil sensor
crosses the minimum

threshold limits of 8.5

[ 5-Port, 3-Position Solenoid Type Directional Control Valve |

MPa during penetra-

Fx

tion, the soil sensor
will stop working and
the sensing probe will
be pushed upward
automatically without
any user interference.
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A detailed view of the
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system’s components of the control
panel is shown in Fig. 19.
2.3.11 Control Panel Operation
The programming code for the
microprocessor/controller (ESP32)
was written in C++ language on
Arduino IDE software (Integrated
Development Environment) which
gives programming editing options
at any instant with integrated library
support. The compiled program
was uploaded to the microproces-
sor through the computer with USB
type B. The ESP32 Arduino was
used as the microprocessor con-
troller of the control panel system
which was connected to all of the
sensors directly and the other pe-
ripherals. When the control panel
was powered through an external
source, it took 2-3 minutes to warm
up and start searching the GPS sig-
nals. When signals were found, lati-
tude, longitude, and elevation values
were displayed on the display. The
NEO6M GPS communicates to
ESP32 with UART Communication
at a 9600 baud rate. The file num-
ber for the particular point of data
extraction was also displayed on the
display screen with an option to cre-
ate a new folder for distinguishing
between a large number of samples.
The penetration starts with the
down button on the SPDT (Single

Fig. 19 Control panel with system components of the developed soil

sensor fitted inside a detachable box

Pole Dual Throw) type control
switch.

When the down button was
pressed, the lower relay was ON and
when the Up button was pressed,
the upper relay was ON. This up and
down movement is controlled by
these 2-relay modules which were
connected to the solenoid valve.
This was provided with an addi-
tional option for the neutral stage
i.e., the movement of the hydraulic
cylinder rod could be stopped at any
point and continue or discontinue
movement. The working mechanism
for the sensor system is shown in
the flow chart diagram (Fig. 20).
The digital data from the Load cell
through the HX711 signal amplifier,
electrical conductivity sensing elec-
trodes, and GPS signals were com-
piled at each point of penetration.
This digital data was then stored in
the memory card reader in Micro-
soft Office Excel format which was
easily connected to the laptop or
any Android mobile to extract data
files and interoperate results.

2.3.12 Mobile Bluetooth App

An Android Bluetooth App was
developed for controlling the opera-
tion of the developed soil sensor
remotely. The Android Bluetooth
App shared a live screen display of
the soil sensor and the up and down

Fig. 21 Android App structure
developed soil sensor system

CONTROL SWITCH

2

Soil Test

movement of the hydraulic cylinder
was also controlled through the
Bluetooth App through the slid-
ing type button provided on the
App (Fig. 21). The Android App
structure Android application was
written in the Android Studio which
communicates with the ESP32 mod-
ule and collected the measurement
data continuously and share live
on the App screen. The Bluetooth
App was designed in Flutter which
was a free open-source framework,
software development tool, and
powerful language that was used
to develop Android applications.
Simultaneously, when continuously
communicating and receiving data
from the ESP32 module of the con-
trol panel of the soil sensors, it also
sends signals when the operation

Fig. 20 Flow chart diagram of system components

integrated with control panel system
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needs to be controlled through the
Bluetooth App. ESP32 reads the po-
sition of the button on the Android
Bluetooth App and communicates
with the sensor system in millisec-
onds.

3.1 Calibration of the Sensor of
the Developed Soil Sensor
3.1.1 Calibration of S-type Load
Cell

The S-type load cell was calibrat-
ed by applying known dead weight
(kg) load vertically under a static
load experiment set on the top of the
load cell in two phases and the out-
put was recorded in millivolt. The
relationship between the actual load
in kilogram and measured output
average mean of loading and un-
loading in millivolt was found to be
highly linear at their respective in-
terval and the linear regression line
was fitted to the measured output
data with R? value of 0.99 as shown
in Fig. 22.
3.1.2 Calibration of Ultrasonic
Depth Sensor

The output reading of the ultra-
sonic sensor displayed on the screen
was manually recorded against
the actual reading on the measur-

Fig. 22 Calibration load cell with loading and unloading known

ing tape by placing a target plate
(obstacle) in parallel and gradually
moving the targeted plate from 0
to 60 cm at intervals of 2 cm. The
experimental results of the depth
sensor showed negligible error as
compared to the actual distance as
shown in Fig. 23. Since the error
was very small, therefore it was eas-
ily corrected in the programming
code.

3.1.3 Calibration of Electrical
Conductivity Sensor (EC)

The samples were recorded with
the help of developed soil sensors
from three different types of loca-
tions with different soil textures up
to 60 cm at an interval of 20 cm and
the electrical conductivity of each
sample was measured as per the
standard laboratory process which
served as a reference point for cali-
brating the developed soil sensor.
The relationship was developed
between the electrical conductivity
(dSmt) measured by the standard
laboratory methods and the devel-
oped sensor’s voltage (mV) where
the linear regression line was fitted
in the programming to the measured
output data with an R? value of 0.83
as shown in Fig. 24.

4.1 Field Evaluation and Valida-
tion of the Developed Soil Sensor
The developed soil sensor was
evaluated in three types of tillage
treatments (T1 = residue retained,
T2 = residue removed, T3 = resi-
due incorporated) at three differ-
ent depths (D1 = 20 cm, D2 = 40
cm, D3 = 60cm) in three different
sizes of the grid (Gl = 2 x 6 cm?,
G2=2x 12 cm? G3 =2 x 18 cm?)
with a constant speed of penetra-
tion with three replications of each
at two different locations (L1 =
75°49'06.23" E, 30°54'39.52" N and
L2 = 75°48'43.71" E, 30°54'39.52"
N) in two type of soil (S1 = sandy
loam and S2 = loamy soil) for field
evaluation as shown in Fig. 25. The
developed soil sensor was operated
using 50 hp tractor after the har-
vest of wheat crop. The penetration
recorded with the hand-held cone
penetrometer and samples collec-
tion for laboratory analysis of the
electrical conductivity was near
the same point of penetration by
the developed soil sensor within
the radius of 10-15 cm for attaining
more accuracy. The results obtained
for soil compactions and electrical
conductivity from the developed

Fig. 23 Calibration graph of the ultrasonic depth sensor
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Fig. 25 A map view of two locations selected for field experiment
for evaluation of the developed soil sensor
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sensor were compared with the
results obtained with manual cone
penetrometer and laboratory meth-
ods respectively (Fig. 26). The field
experiment trials were laid out in a
Randomized Complete Block De-
sign (RCBD) with three replications
to determine the variation of the
independent parameters measured
by the developed soil sensor and the
laboratory methods, and interaction
between the factor’s combinations at
5% level of significance. Statistical
analysis software (SAS) was used
for the analysis of variance and op-
eration of means.

Results and Discussion

Statistical analysis revealed that
there was a non-significant differ-
ence between the soil compaction
measured by the developed soil sen-
sor (CI-DSS) and the manual cone
penetrometer (CI-MCP) in both
types of soil at a 5% level of signifi-
cance. The cone index showed in-
creasing trends with an increase in
depth. The depth of penetration and
interaction between the three levels
of depths also had a significant ef-
fect at a 5% level of significance
on soil compaction in both types of
soil. It was observed that the mean
cone index did not vary in all three
different types of grid size and was
non-significant at a 5% level of sig-
nificance whereas the interaction
between three levels of grid size

Fig. 26 Measuring soil compaction with the developed soil s
sensor and hand-held manual cone penetrometer 150

was also non-significant in both
types of soil. The tillage condition
had a significant effect on the soil
compaction and the interaction be-
tween three tillage treatments was
also significant on soil compaction
at a 5% level of significance. The
R? value between the developed soil
sensor and manual cone penetrom-
eter was 0.99 for all the above three
treatments and the mean standard
error was 0.021. Therefore, it was
concluded from the results that the
developed soil sensor had a mean
sensing accuracy of 95.4% when
compared with the manual cone
penetrometer.

The graphs were plotted between
the overall mean of the developed
soil sensor and hand-held manual
cone penetrometer as shown in
Fig. 27. It was observed from the
experiment that the mean cone
index showed less variation in the
upper layer of the soil up to 200
mm depth, more variation in deeper
depth of the soil from 200 to 400
mm and abrupt variation from 400
to 600 mm as more hardpan in the
deeper layer of the soil were ob-
served.

Statistical analysis revealed that
there was a non-significant difference
between the soil electrical conductiv-
ity measured by
the developed soil
sensor (EC DSS)
and the laboratory
method (EC lab) o 12 3

soil at a 5% level of significance. The
soil electrical conductivity showed
increasing trends with an increase in
depth. The depth of penetration and
interaction between the three levels
of depths also had a significant effect
at a 5% level of significance on soil
electrical conductivity in both types
of soil. It was observed that mean
soil electrical conductivity did not
vary in all three different types of
grid size and had non-significant at
a 5% level of significance whereas
the interaction between three levels
of grid size was also non-significant
in both types of soil. The tillage
condition had a significant effect on
the soil’s electrical conductivity and
the interaction between three till-
age treatments was also significant
on soil compaction at a 5% level of
significance. The R? value between
the developed soil sensor and the
laboratory method (EC lab) was 0.99
for all the above three treatments and
the mean standard error was 0.081.
Therefore, it was concluded from the
results that the developed soil sen-
sor had a mean sensing accuracy of
73.94 % in measuring soil electrical
conductivity when compared with
the standard laboratory method.

The graphs were plotted between
the overall mean of the developed

Fig. 27 Measuring soil compaction with the developed soil
sensor (CI-DSS) and hand-held manual cone penetrometer
(CI-MCP) at both locations
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soil sensor and the laboratory
method (EC lab) as shown in Fig.
28. It was observed from the experi-
ment that the electrical conductivity
of soil showed more variations in
the upper layer of the soil up to 200
mm depth, less variation in deeper
depth of the soil from 0 to 400 mm
and vary small variation from 400
to 600 mm. Although the method
of measurement of soil electrical
conductivity was different the result
outputs of the developed soil sen-
sor were quite close to justify the
outcomes of the laboratory result
outputs.

Conclusion

The results obtained for soil com-
paction between the developed soil
sensor (CI-DSS) and the manual
cone penetrometer (CI-MCP) and
for soil electrical conductivity in
comparison with laboratory meth-
ods (EC lab) in terms of accuracy
clearly show that the developed soil
sensor worked quite excellent in
both types of soil. However, it was
also observed that the accuracy of
the developed soil sensor was slight-

ly more in upper layer but increased
slightly during penetration into
deep layer of soil when compared
with the manual cone penetrometer
because constant speed was also
disturbed slightly with the manual
cone encountered with soft pan in
upper layer. As it was mentioned
in ASABE standard’ test of pen-
etration, that the penetration speed
of the probe should be constant
which is slightly disturbed either
encountered with too soft soil in
upper layer or hard layer (> 5 MPa)
in deeper layer. Perhaps that’s why
hydraulic operated soil sensors are
coming more into existence by re-
placing manual hand-held cone pen-
etrometer due to their accuracy of
measurement with constant speed of
operation. However, it will increase
the volume of sampling for a partic-
ular area with reduced human error
and upgrade the quality of measur-
ing equipments used by scientific
community all over the world for
measuring soil compaction (CI) and
electrical conductivity (EC) of the
soil. The tractor operated “on the
go and stop” indigenous hydraulic
operated dual soil sensor will be ac-
cessible for recording or monitoring

Fig. 28 Measuring soil electrical conductivity with the developed soil sensor (CI-
DSS) and the laboratory method (EC lab) at both locations
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real time data for soil compaction
and electrical conductivity of soil
which will play an important role in
adoption of precision agricultural
technologies.
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Abstract

The performance parameter of
solar-powered groundnut sheller
was analyzed for optimum design
parameters, viz., sieve hole size 15
mm, and speed of flywheel 59.86
rpm. The output responses as shell-
ing capacity, shelling efficiency,
and broken kernels were obtained
to be 135.78 kg/h, 83.23%, and
2.54% against predicted 136.12 kg/
h, 83.54%, and 2.66%, respectively
with the optimum operational pa-
rameters for TAG-24 groundnut
variety. The developed quadratic
model is extremely statistically
significant (p < 0.0001) and reason-
ably explained the shelling capacity,
shelling efficiency, and percentage
of broken kernels with superior
value for the coefficient of deter-
mination (R?) as 0.972, 0.989, and
0.989, respectively. The optimiza-
tion parameters explained that the
sieve hole size and flywheel speed
have a major effect on the shelling

performance of the solar powered
groundnut sheller. The optimized
parameters showed that the mini-
mum broken groundnut kernels and
highest shelling capacity and effi-
ciency were obtained with the solar-
powered groundnut sheller with
different groundnut varieties TAG-
24, TG-26, and TPG-41. There were
no significant differences (p > 0.05)
between the actual (experimental)
and predicted values, pointing to the
sufficiency of the equipped models.
Hence, the study proves that RSM is
an effective tool in predicting supe-
rior performance of a solar powered
groundnut sheller.

Keywords: Solar powered ground-
nut sheller; Groundnut; Shelling pa-
rameters; CCD; RSM; Optimization

Introduction

Groundnut (Arachis hypogaea L.)
is the highest cultivated oilseed crop
in India about 4.91 million hectares

(first rank in the world) with a total
production of 9.18 million tons of
groundnut pods (stands the second
position in the world)™. It is the
sixth-largest crucial oilseed crop
in the world®. Globally, the output
per year is copious than 10 million
tonst® and the production of ground-
nut pods in developing countries
leads up to 94% with 97% of the
areall,

The groundnut pods are threshed
by hand or mechanical thresher
from the crop, the pods are dried
and shelled to obtain the kernels. It
is a cash crop that provides to the
nutrition of farm families through
consumption of energy and 25-28%
protein (essential amino acids nec-
essary for normal body growth and
metabolism) rich groundnut kernels
(48-50% oil) and supplies nutri-
tious fodder (shells) to livestock in
the rural areas. Groundnut kernels
after shelling the pods provide 564
kcal from 100 g®!¢l. Worldwide
60% of groundnut pods are shelled
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for extraction of oil for edible and
industrial purposes, while 40%
are used in food products and oth-
erst’l. Its oil is also used for cook-
ing food due to its high smoking
point®. Groundnut kernels can be
used raw, boiled, roasted, and also
consumed to make confections and
flour to make baked products. After
the shelling of groundnut pods, the
shells are utilized for making boards
or fuel or filler in fertilizer and feed
industries. Its shell part contains
8-15% protein, 1-3% lipids, 9-17%
minerals, and 38-45% carbohydrates
higher than cereal crops. Its shell
also has digestibility around 53%
when fed to cattle and heating value
up to 2.4 kcal/kg dry basis!.

Groundnut kernels daily consump-
tion of 43 g/day resulted in a signifi-
cant reduction of blood cholesterol,
blood pressure, and blood triglycer-
idet™, Groundnut kernels protein hy-
drolysates also exhibit different an-
tioxidant properties viz., DPPH free
radical scavenging, hydroxyl radical
scavenging, and metal chelation and
reducing power, and these properties
may also contribute to reduce cancer
and cardiovascular disease (CVD)
among populations frequently con-
sumption of kernels*1*2, Paramawa-
ti et al.®¥ explained the contamina-
tion of aflatoxin on groundnut cause
of liver cancer could be reduced by
the quick post-harvest operation.
It was also suggested that the pro-
cessing of groundnut makes it free
from contamination of aflatoxin by
using the post-harvest machinery
viz., shelling of groundnut pods.
The damaged groundnut kernels
are perceptive to the contamination
of aflatoxin; therefore, the minimal
damage is admirable®*,

In recent years, many groundnut
decorticators have been modified
from these existing traditional shell-
ing methods of groundnut. Most of
the modified shellers have a major
problem regarding the breakage of
groundnut kernels and unshelled
groundnut podst®stel, Abou El-Kheir
and shoukr®™ explained the effect of

the operational drum speed on the
groundnut sheller, a major contribu-
tion to shelling capacity and efficien-
cy. It was suggested that the shelling
efficiency increased from 80.6 to
92.5% at the drum speed increased
from 1.83 to 4.58 m/s. Singh*® sug-
gested that the wire mesh sieve
provided the maximum shelling
capacity as 86 kg/h than that of slot-
ted grate 60 kg/h. It was also studied
that the shelling efficiency increased
from 83 to 89% with the wire mesh
sieve than that of the slotted grate
from 82 to 84%. They were also ex-
plained that the percentage of broken
kernels increased from 3.7 to 6.7%
and 8.4 to 12.6% with the wire mesh
sieve and slotted grate, respectively.
It was due to more opening area viz.,
sieve hole size. The peeling efficien-
cy of the power operated Pongamia
Pinnata decorticator was higher
than that of the manual operation of
groundnut shelling due to the drum
preserving a steady and uniform
speed™®. A sufficient speed of pedal-
ing was observed to be 50 to 60 rpm
during the shelling of groundnut
podsale, The oscillating speed
of manually operated shellers was
measured to be 48 to 60 strokes per
minute. Pinar?¥ explained that the
grain losses increased from 2.88 to
4.5% with the inappropriate methods
of threshing.

It has been reviewed, considering

the above-mentioned importance of
quick shelling of groundnut pods to
remove the fresh (minimum break-
age) kernels in post-harvest process-
ing with high shelling capacity and
efficiency reduced the fungal growth
and contamination of aflatoxin for
human health frequently increasing
population. Therefore, the opera-
tional parameters viz., speed, and
sieve hole size were a major effect
on the shelling’s performance. Apart
from the wrong sitting posture and
uneven stroke of the manual shell-
ing lever, it has been analyzed that
the manual shellers give more dam-
age to groundnut kernels, lesser
shelling capacity, and efficiency.
These unsatisfactory results may
be due to the improper sieve hole
size and not uniform stroke length.
Hence, the objective of this study
was to analyze optimum operational
parameters for getting the highest
shelling capacity and efficiency with
a minimum percentage of broken
kernels by using the central compos-
ite design (CCD) of response surface
method (RSM) which is a quick and
cost-effective method with reduced
the number of experiments needed
to evaluate multiple parameters and
their interactions and to help in bet-
ter understanding and optimizing
the response of an experiment!?°
281 by basically the putting the soft-
ware with information which in

Fig. 1 Different parts of solar powered groundnut sheller
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turn provide an accurate prediction
of responses and superior graphical
presentation. RSM was consciously
designed to change experimental
response with the predictive one
by analyzing the various effects of
parameters that will give to opti-
mum response?”. Therefore, further
modification is needed for maximiz-
ing shelling output and efficiency
with minimum losses of groundnut
kernels by changing the sheller pa-
rameter through optimization.

Material and Methods

Experimental Setup

Three groundnut varieties viz.,
TAG-24, TG-26, and TPG-41 were
procured from the local farmers of
Paschim Medinipur, West Bengal.
The solar-powered groundnut sheller
(Fig. 1, developed in the Department
of Agricultural and Food Engineer-
ing, IIT Kharagpur, West Bengal, In-
dia) with overall dimensions of 1000
x 260 x 1060 mm, weight 80 kg,
capacity 131 kg/h, power unit 250 W
DC motor, single labour required to
load and unload groundnut pods and
kernels were used for all the shelling
performance studies. It comprises
a solar panel, 12V batteries, DC
motor, solar charge controller, feed
hopper, protective cover, chain, and
sprockets, connecting rod, flywheel,
shelling unit, and shelling lever.
The groundnut pods were crushed
between the crushing unit and the
perforated sieve. The experiment
was carried out at a moisture content
of 6.82 % (db) according to proce-
dure described by ASAER®, which
was determined by Choudhary et
al.??, The drying of groundnut pods
in post-harvesting operation is very
important, as incapable drying can
help stimulate fungal growth and re-

duce kernel quality for consumption
and germination. Therefore, it can
be dried to 7-8% maoisture content to
prevent fungi growtht,

Experimental Design and Data
Analysis

Inscribed Central Composite De-
sign (CCDRUEARIEIEGIE) with two
independent parameters, viz., sieve
hole size (S;,) and speed of flywheel
(S¢), was used for optimization the
performance of the solar-powered
groundnut sheller. Experimental
design for optimization consisted
of three responses (dependent pa-
rameters), viz., shelling capacity
(SC), shelling efficiency (SE), and
percentage of broken kernels (BK).
For this intention, response surface
methodology (RSM) using inscribed
central composite design (CCD)
was used to optimize these param-
eters for getting the best optimum
operational parameters and to set a
second-order polynomial quadratic
equation for shelling the groundnut
podst7. The data values of sieve
hole size (S,,) varies from 9 to 15
mm, and the speed of flywheel (S;)
varies from 48 to 60 rpm, as shown
in Table 1. The limiting data values
of the sieve hole size were based
on the measured physical proper-
ties and existing CIAE model of
standard manual sheller@IEEIE], The
flywheel’s maximum and minimum
speed is based on the chain sprocket
transmission system and the manu-
ally operated sheller’s stroke. The
transmission ratios were provided
between the DC motor and flywheel
through chain and sprocket with
two ratios as 1:6.25 and 1:5. For the
experimental purpose, a 250 W DC
motor with 300 rpm was fitted for
running the flywheel through chains
and sprockets to obtain the flywheel
speeds within the range. Five coded

Table 1 Experimental design for analyzing the test (design: CCDI)

S. Parameters Coded Coded levels

N. factors | -1 | 05 ] 0 | +05 ] +1
1 | Sieve hole size (mm) Shs 9 105 9.5 135 15
2 | Speed of flywheel (rpm) S 48 51 54 57 60

levels of independent parameters
were taken as +0.5, +1, 0, —1, and
—0.5, respectively®“%, The details
of Inscribed Central composite de-
sign (CCD) experimental ranges and
level coded are given in Table 1.
The size of the sieve with five
levels of the hole (Table 1) was
fabricated in the workshop of the
Agricultural and Food Engineering
Department, IIT Kharagpur. The
second-order quadratic polynomial
Equations 1, 2 and 3 were computed
to optimize the dependent param-
eters viz., shelling capacity (SE),
shelling efficiency (SE), and broken
kernels (BK) for the response as
functions of the coded value of the
independent parametersE4ESIETIE0L
SC = Bo + BiSps + oSt + PuShs’ +

B22S” + P12SnsSy [1]
SE = Bo + BiShs + BoSr + BuuShs® +

B22S¢” + P12SnsSy [2
BK = By + BiSps + BoS¢ + PuShs® +

B22S¢ + P12ShsSy [3]
Where,

B = intercept
B, and B, = linear regression coef-
ficient
By and B,, = quadratic regression
coefficients
B,, = regression coefficient of the
interaction terms
S, = sieve hole size
S = speed of flywheel
The goodness fit of evaluation
of the generated non-linear second
order regression equations was
checked by F-value for lack of fit
(Fo) BAREISTIIAN and it was calculated
by Equation 4.
Fiot = [E?ZI(Yei - Y - iN:CI(Yei -
Y.)?] / (N = No. of coefficients
in regression equation — n, + 1)

[4]

Where,

i =number of independent param-
eters

Y, = experimental value of the ith
response

Y, = average of actual values of
responses

Y.; = calculated value of the ith
response

N = total number of experiments;
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nc = number of central experi-
ments

The inscribed central composite
design (CCD) consisted of 22 ex-
periments (experiment number 3,
6, 8, and 11) of factorial design, five
replicated center points (experiment
number 2, 5, 7, 10, and 12) and four-
star points (experiment number 1, 4,
9, and 13) as shown in Table 2. The
Design-Expert Software (\Version
12.0.3.0) was used for the experi-
ments design, regression and graphi-
cal analysis of the data were attained
from the experiments. The statistical
analysis of the model was carried
out in terms of analysis of vari-
ance (ANOVA). The mathematical
model obtained during the response
surface methodology (RSM) was
checked by obtaining several test
points studies. The experimentally
received data were compared with
the predicted data. The independent
parameters were used at five levels
in the CCDI experimental design,
and a total number of 13 experi-
ments were obtained, as shown in
Table 2. The desirableness of fit of
the computed polynomial Equations
1, 2 and 3 examined by F-value for
lack of fit (LoF). The predicted and
observed (experimental) values of
the responses were compared by the
values of the correlation coefficients
and residuals. The shelling capacity,
shelling efficiency, and percentage
of broken kernels were determined

as the following Equations given by
Ashwini et al.k4:

Shelling capacity, kg/h = (Weight
of the total sample, kg) / (Effec-
tive shelling time, h) [5]

Shelling efficiency, % = (Weight
of the shelled sample, kg) / (To-
tal weight of sample, kg) [6]

Broken kernels, % = (Weight of
broken kernels, kg) / (Total
weight of the sample, kg) [7]

Results and Discussion

Optimization of Operational
Parameters of Solar Powered
Groundnut Sheller

The analysis of shelling of ground-
nut pods was performed with the
coded levels of speed of flywheel
and sieve hole size to receive the
response against the independent
parameters. It was analyzed that the
shelling capacity, shelling efficiency,
and percentage of broken kernels
were normally distributed, therefore
it was possible to take a 95% con-
fidence interval for the specimen.

Hence, three levels of responses

were used as the lower limit, the

middle, and the upper limit for every
factor addition. Figs. 2(a-c) demon-
strate the dependent parameters with
the blue domain showing the lower
limit, the green area showing the
central limit, and the red area show-
ing the upper limit. The test results

obtained in the laboratory experi-
ment based on the central composite
design (CCD) are given in Table 2.
These output results could be shown
as a better collection of the data
ranges for the independent param-
eters and their step value. The math-
ematical model of the second-order
quadratic polynomial was verified
for its sufficiency to develop the re-
sponse parameters (shelling capac-
ity, shelling efficiency, and broken
kernels). The numerical and graphi-
cal optimization of data (Table 2)
was analyzed through central com-
posite design (CCD) using response
surface methodology (RSM). The
details of the response parameters
are explained below:

Shelling Capacity (kg/h)

The response surface analysis
explained to thirteen experimental
plans, and second-order quadratic
polynomial Equation 1 computed
to the shelling capacity. The re-
gression and statistical (ANOVA)
analyses were performed to obtain
the model equation and verify the
statistical significance of the model.
The quadratic model was more
influence on the shelling capacity
with the coefficient of determina-
tion (R?) value of 0.972 a best one
along with adjusted R? of 0.952 and
predicted R? of 0.744 and the devel-
oped quadratic model was found to
be significant (p < 0.0001) as shown
in Table 3. The lack of fit was found

Fig. 2 Effect of the independent parameters on the performance of solar powered groundnut sheller

Shaling capacity (kg/h)

(a) Effect of the independent parameters
on the shelling capacity (kg/h) at
optimum flywheel speed of (59.86 rpm)
and sieve hole size of (15 mm)

Shelling effidency (%)

(b) Effect of the independent parameters
on the shelling efficiency (%) at
optimum flywheel speed of (59.86 rpm)
and sieve hole size of (15 mm)

A: Sieve hobe size (mm)

Broken kernels (%)

B Speed of flywheel gpm) 51 > ¥

A Sieve hole size (mm)

a8 9

(c) Effect of the independent parameters

on the broken kernels (%) at optimum
flywheel speed of (59.86 rpm) and sieve
hole size of (15 mm)
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insignificant, with an F-value of
0.4016. From Table 3, the F-value
of the linear term of flywheel speed
has copious significance on the
shelling capacity than the sieve hole
size at a 1% level of significance.
The shelling capacity was strongly
affected by the speed of the flywheel
(p < 0.0001) at the linear level, but
no influence effect was obtained at
the quadratic and interaction levels.
The linear term of sieve hole size,
quadratic, and interaction terms of
all two independent parameters did
not provide an influence effect on
the shelling capacity even at the 5%
and 10% level of significance (p >
0.05 and p > 0.1). The coefficient
of determination (R?) of the devel-
oped model was found to be 0.972,
which shows a better fit between the
experimental and predicted value.

Furthermore, it was also explained
that the independent parameters de-
scribe 97.2% of the shelling capac-
ity variation. The final second-order
mathematical polynomial Equation
8 (in terms of coded factors) with
different independent parameters
as Shs and Sf were computed to
explain the variation in the shelling
capacity (SC, kg/h).

SC, kg/h = 133.12 + 0.2178S,, +
2.43S; + 0.15008,,,S; — 0.3353S,,2
+0.6247S [8]

It was observed from Equation 8,

the shelling capacity is directly de-
pendent on the independent param-
eters viz., sieve hole size, and speed
of the flywheel, and behalf of the
regression coefficient, the flywheel
speed was provided the maximum
role in the shelling capacity than
that of sieve hole size. It was also

Table 2 Central composite design (CCD) with coded and un-coded independent
parameters and experimental result for the response variables

Exp Sieve hole size|  Speed of Responses
N (mm) flywheel (rpm)

" |Coded/un-coded|Coded/un-coded| SC (kg/h) | SE(%) | BK (%)
1 | (+0.5)13.50 (0) 54 133.41 83.45 2.75
2 (0) 12.00 (0) 54 133.78 83.27 2.93
3 | (+1)15.00 (-1) 48 131.00 84.00 2.20
4 (0) 12.00 (+0.5) 57 134.56 83.15 3.05
5 (0) 12.00 (0) 54 132.86 83.32 2.88
6 | (+1)15.00 (+1) 60 136.12 83.55 2.65
7 (0) 12.00 (0) 54 132.83 83.25 2.95
8 (-1) 9.00 (-1) 48 131.00 82.95 3.25
9 (-0.5) 10.50 (0) 54 132.65 83.08 3.12
10 | (0)12.00 (0) 54 133.10 83.30 2.90
1 (-1) 9.00 (+1) 60 135.52 82.75 3.54
12 | (0)12.00 (0) 54 133.05 83.22 2.98
13 | (0)12.00 (-0.5) 51 131.98 83.35 2.85

Table 3 ANOVA for response surface quadratic model (responses: SC, SE and BK)

Source of of F-value p-value

Variance sc | sE | BK sc | sE | BK

Model 5 49.24 128.22 126.33 |<0.0001 <0.0001 <0.0001 | Significant
Shs 1 1.94 553.05 54254 | 0.2065 <0.0001 <0.0001

S 1 |241.04 7512 84.78 |<0.0001 <0.0001 <0.0001

ShsSs 1 108171 9.39 3.36 | 0.3961 0.0182 0.1052

S 1 102489 04228 0.2322 | 0.6331 0.5363 0.6446

S¢ 1 ]0.8643 0.0058 0.0429 | 0.3835 0.9414 0.8418
Residual 7

Lack of Fit| 3 | 0.4016 1.14 142 | 0.7603 0.4341 0.3616 signﬁ‘ggam
Pure Error | 4

Cor Total 12

observed from Fig. 2a that, the fixed
value of the optimum speed of fly-
wheel (59.86 rpm), the shelling ca-
pacity (SE, kg/h) increased with up
to sieve hole size 15 mm and obtain-
ing the maximum shelling capacity
of 136.12 kg/h. It was due to more
sieve hole size opening. Another one
at a fixed value of optimum sieve
hole size 15 mm, the shelling capac-
ity reduced with a speed of flywheel
up to 48 rpm and obtaining mini-
mum shelling capacity 131.01 kg/h,
as shown in Fig. 2a. The maximum
shelling capacity was obtained to be
136.12 kg/h at the optimum speed of
flywheel 59.86 rpm and sieve hole
size 15 mm. Therefore, the shelling
capacity was increased with the in-
crement of the speed of the flywheel
from 48 to 60 rpm.

Shelling Efficiency (%)

The response surface analysis was
explained to thirteen experimental
plans, and second-order quadratic
polynomial Equation 2 was com-
puted to the shelling efficiency. The
regression and statistical (ANOVA)
analyses were performed to obtain
the model equation and verify the
statistical significance of the model.
The quadratic model was more in-
fluence on the shelling efficiency
with the coefficient of determina-
tion (R?) value of 0.989 a best one
along with adjusted R? of 0.981 and
predicted R? of 0.842 and the devel-
oped quadratic model was found to
be significant (p < 0.0001) as shown
in Table 3. The lack of fit was found
insignificant, with an F-value of
1.14. The shelling efficiency was
strongly affected by all two inde-
pendent parameters at a 1% level of
significance (p < 0.0001) at the lin-
ear level, but no influence effect was
obtained at the quadratic level and
no more influence at the interaction
level (p > 0.01). The quadratic terms
of all two independent parameters
did not provide an influence effect
on the shelling efficiency even at the
5% and 10% level of significance (p
> (.05 and p > 0.1). The coefficient
of determination (R?) of the devel-
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oped model was found to be 0.989,
which shows a better fit between the
experimental and predicted value.
Furthermore, it was also explained
that the independent parameters de-
scribe 98.9% of the shelling efficien-
cy variation. The final second-order
mathematical polynomial Equation
9 (in terms of coded factors) with
different independent parameters
as Shs and Sf were computed to
explain the variation in the shelling
efficiency (SE, %).

SE, % = 81.05 + 0.1950S,,, + 0.0327S;
—0.0034S,,S; + 0.0059S,,*> —
0.0001S: [9]

It was observed from Equation
9, the shelling efficiency is directly
dependent on the independent pa-
rameter viz., sieve hole size, and
indirect effect with the speed of
flywheel and behalf of the regres-
sion coefficient, the sieve hole size
was provided the maximum role
in the shelling efficiency than that
of flywheel speed. The maximum
shelling efficiency was obtained to
be 83.54 % with an optimum speed
of flywheel 59.86 rpm and sieve
hole size 15 mm, as shown in Fig.
2b. It was also observed from Fig.
2b that, the shelling efficiency in-
creased with increasing the speed of
the flywheel from 48 to 60 rpm and
increased the sieve hole size from 9
to 15 mm, respectively. The shelling
efficiency was obtained higher with
the high value of the flywheel speed
due to the quantity of the unshelled
groundnut reduced and energy pro-
vided to the groundnut pods high.
Hence, it was desired to select an
optimum sieve hole size and fly-
wheel speed for a better shelling ef-
ficiency.

Broken Kernels (%)

The response surface analysis was
explained to thirteen experimental
plans, and second-order quadratic
polynomial Equation 3 was com-
puted to the response parameter
(broken kernels). The regression and

Table 4 Constraints of design parameters for optimization of output responses

Source of df F-value p-value

Variance sC | SE | BK | sc | s | BK

Model 5 49.24 128.22 126.33 |<0.0001 <0.0001 <0.0001 | Significant
Shs 1 1.94  553.05 54254 | 0.2065 <0.0001 <0.0001

S 1 241.04 7512  84.78 [<0.0001 <0.0001 <0.0001

ShsSs 1 0.8171  9.39 3.36 | 0.3961 0.0182 0.1052

Sii? 1 0.2489 0.4228 0.2322 | 0.6331 0.5363 0.6446

S¢? 1 |0.8643 0.0058 0.0429 | 0.3835 0.9414 0.8418
Residual 7

Lack of Fit| 3 | 04016 1.14 0.7603 0.4341 0.3616 | g nit,,
Pure Error | 4

Cor Total 12

cal significance of the model. The
quadratic model was more influence
on the broken kernels with the coef-
ficient of determination (R?) value
of 0.989 a best one along with ad-
justed R? of 0.981 and predicted R?
of 0.810 and the developed quadratic
model was found to be significant (p
< 0.0001) as shown in Table 3. The
lack of fit was found insignificant,
with an F-value of 1.42. The broken
kernels were affected by all two in-
dependent parameters at a 1% level
of significance (p < 0.0001) at the
linear level, but no influence effect
was obtained at the quadratic and in-
teraction levels. The interaction and
quadratic terms of all two param-
eters did not provide an influence ef-
fect on the broken kernels even at the
5% and 10% levels of significance (p
> (.05 and p > 0.1). The coefficient of
determination (R?) of the developed
model was found to be 0.989, which
shows a better fit between the ex-

Fig. 3 Optimized output plots of the performance parameters
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perimental and predicted value. Fur-
thermore, it was also explained that
the independent parameters describe
98.9% of the variation for the bro-
ken kernels. The final second-order
mathematical polynomial Equation
10 (in terms of coded factors) with
different independent parameters as
Shs and Sf were computed to explain
the variation in the broken kernels
(BK, %).

BK, % = 5.37 — 0.1655S,, —
0.0496S; + 0.0022S,,S; —
0.0046S;,2 + 0.0005S:? [20]

It was observed from Equation 10

that the broken kernels are directly
dependent on the independent pa-
rameter viz., speed of the flywheel,
and indirect effect with the sieve hole
size. It was also observed from Fig.
2¢ that, the fixed value of the opti-
mum speed of flywheel (59.86 rpm),
the broken kernels (BK, %) increased
with up to sieve hole size 9 mm and
obtaining the maximum broken ker-

weray riw
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A: Sieve hole size (mmj)

statistical (ANOVA) analyses were
performed for obtaining the model
equation and to verify the statisti-

(a) Desirability response surface plot of
the performance

(b) Graphical overlay plot for optimizing
the shelling capacity, efficiency, and
broken kernels
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Table 5 Solutions for optimum conditions

S.N.| Sy (mm) | S;(rpm) | SC (kg/h) | SE (%) | BK (%) |Desirability

1 | 1500 59865 136.120 83.539  2.660 0.746 | selected
2 | 1500 59550 135922 83552  2.646 0.744

3 | 1500 58924 135539 83577  2.619 0.739

4 | 1500 58378 135217 83599  2.596 0.733

nels 3.45 %. Another one at a fixed
value of optimum sieve hole size
15 mm, the broken kernels reduced
with optimum broken kernels 2.66%
at a speed of flywheel 59.86 rpm, as
shown in Fig. 2c. Therefore, it was
analyzed that the percentage of bro-
ken kernels was affected more by the
combined effect of both the speed of
flywheel and sieve hole size while
the flywheel speed more dominated
over the sieve hole size. From Fig.
2c¢, it was concluded that the percent-
age of broken kernels increased with
the decreased speed of the flywheel
and the sieve hole size. Therefore,
it was desired to select an optimum
sieve hole size for a better shelling
efficiency and minimum broken
kernels. The obtained performance
parameters were a reasonable agree-
ment with the performance of the
sheller described by Powar et al.l*l,
Tewari et al.B” and Gitau et al.“2.

Desirability of the Optimum Re-
sponse (Dependent Parameters)
To find the most positive condi-
tions for the machine activity for the
best upsides of responses i.e., maxi-
mum shelling capacity (SC), least
broken kernel percentage (BK), and

greatest shelling efficiency (SE) was
led utilizing Design-Expert soft-
ware. First and foremost, in view of
model and surface contour plots, the
objective of greatest and least con-
straints of every factor are given as:
is in range and their responses are
given based on requirements. Then,
at that point, by utilizing Design
Expert software the limitations of
every factor are introduced in Table
4. The optimization criteria were
found on behalf of the desirability
index with a minimum percentage
of broken kernels, maximum shell-
ing capacity, and shelling efficiency.

The Design-Expert Software (\Ver-
sion 12.0.3.0) was used for optimiza-
tion; the software suggests four num-
bers of optimizing solutions (Table
5) in which top first solution was tak-
en for the shelling capacity, shelling
efficiency, and broken kernels with
better desirability. The desirability
value was found to be 0.746 for bet-
ter optimum operational parameters
concerning two independent param-
eters, as shown in Fig. 3a.

Verification of Operational Pa-
rameters
The mathematical (numerical)

values (Table 5) and the graphical
optimization (Fig. 3b) suggested
that the independent design param-
eters viz., sieve hole size, and speed
of flywheel of the machine to attain
the maximum shelling capacity and
shelling efficiency with the mini-
mum percentage of broken kernels.
In graphical optimization, the val-
ues shown in the flagged area were
grouped together and the optimized
values of parameters viz., speed of
flywheel 59.86 rpm and sieve hole
size 15 mm with a maximum shell-
ing capacity 136.12 kg/h, maximum
shelling efficiency 83.53%, and
minimum percentage of broken
kernels 2.65% were determined as
shown in Fig. 3b. Therefore, the
values obtained by numerical and
graphical optimization methods
were the same. The experiment was
conducted based on the optimum
parameters viz., speed of flywheel
59.86 rpm, and sieve hole size 15
mm to verify the legitimacy of the
model equations for predicting the
optimum response value. The real
and the predicted benefits of shell-
ing capacity, broken kernel, and
shelling efficiency by the model are
displayed in Fig. 4. It plainly shows
that actual values of data points for
shelling capacity, broken kernel, and
shelling efficiency got through the
trials during the test and the predict-
ed values got to by quadratic model
were an almost nearby straight line.
This type of model curve shows a

Fig. 4 Comparison of the predicted and experimental (actual) values of the shelling capacity, shelling efficiency and broken kernels
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great fit to the model, and the model
adequately covers the independent
parameters within the experimental
range. The experimental (actual)
values of the shelling capacity,
shelling efficiency, and broken ker-
nels were found to be 135.78 kg/h,
83.23% and 2.54% against the pre-
dicted (optimized) values of 136.12
kg/h, 83.54% and 2.66%, respec-
tively with the optimum operational
parameters (Table 6).

There was no significant differ-
ence (p > 0.05) between the experi-
mental and predicted values of the
responses from optimized param-
eters, and it was verified that the
experimental values consented with
the predicted values at a 5% level
of significance. The superior cor-
relation between the experimental
optimum responses and predicted
optimum response values suggested
the legality of the provided opti-
mum parameters, and the developed
model was perfect and sufficient
for predicting the shelling capacity,
shelling efficiency, and percentage
broken kernels values in the shelling
operation. Hence, a solar-powered
groundnut sheller was operated with
optimized operational parameters
viz., sieve hole size 15 mm, and
speed of flywheel 59.86 rpm to ob-
tain better output performance.

Conclusions

The inscribed central compos-
ite design (CCD) using response
surface methodology (RSM) was
obtained to be advantageous fix-
ings to enumerate the impact of the
operational parameters viz., sieve
hole size and speed of flywheel and
their quadratic and interaction terms
for optimizing the shelling capacity,
shelling efficiency and percentage
of broken kernels in the operation
of shelling of groundnut pods in the
post-harvest processing. Analysis
of variance (ANOVA) displays that
the extremely statistically signifi-
cant models were produced with a

significance level of p < 0.0001 for
the independent parameters. The
developed model revealed sufficient
to be equipped to the experimen-
tal data values with the coefficient
of determination (R? > 0.95 and
had no significant lack of fit (Lof).
Hence, it was concluded that the
solar-powered sheller operated at
59.86 rpm speed of flywheel and 15
mm sieve hole size provided supe-
rior output results in terms of shell-
ing capacity, shelling efficiency, and
minimum percentage of broken ker-
nels. The optimized maximum shell-
ing capacity and shelling efficiency
were obtained to be 136.12 kg/h and
83.54%, respectively, with minimum
broken kernels as 2.66% for a fixed
value of the concave clearance. The
predicted values were in a suitable
contract with the experimental val-
ues with very slight divergence for
all dependent parameters. The opti-
mized operational parameters were
utilized to construct a machine that
was easily handled and powered by a
single worker. However, for a better
shelling operation with lesser broken
kernels, optimum speed of flywheel
and sieve hole size must be selected
for superior performance results.
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