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Well-ventilated woven combine bag series

DX RICERON.

(with upper and lower handle)

The handles on both the top

and bottom make work muchi easier!
for harvesting and drying

rice, wheat, and beans!

—(characteristics ———

- The handles on both the upper and lower
parts make carrying and unloading easier.

- Its good ventilation helps prevents sweating.

- The slipping of the contents and stretching
of the material are minimized as it is woven
with angular threads.

-Its good permeability allows remaning
contents to be spotted easily.

for small grains such
as foxtail mille,
japanese barnyard millet
proso millet, and sesame

Large enough to hold
about 20 kilograms of

chestnuts!

580mmx600mm

<> Tanaka Industries, Inc.

Main Branch: Hama 1-26-21, Toyonaka-shi, Osaka, Japan 561-0817 HP: http://www.tanakasangyo.com
TEL: +81(0)6-6332-7185 FAX: +81(0)6-6336-2623 e-mail: info@tanakasangyo.com




RICERON.

Tanaka Industries, Inc.

http:/fvww. tanakasangyo.com

An Innovation in the age of combines! How to dry rice, wheat, beans,
and the like with a flat dryer while they are still packed in bags.

r

An Episode in Prod-

uct Development
The development of

RICERON began with
advice from Professor
Yusaku Nakahashi of the
Hyogo Prefectural Agri-
cultural Experiment Sta-
tion, when head-feeding
combines had been rapid-
ly spreading since around
1970. Much brewer’s rice
was grown in Hyogo Prefecture due to its large number of
saké breweries, which were famous all across the coun-
try. However, the saké breweries sometimes refused the
rice because of the “sweating of rough rice” that occurred
when it is kept too long, which resulted in lower quality.
In order to sell combine machines, manufacturers of
agricultural machinery at the time were producing many
affordable cross-woven polypropylene combine bags,
which had poor ventilation. Professor Nakahashi’s stated
that “Rough rice and wheat are still alive and breathing
after they are reaped, so biologically speaking, being
stuffed in a poorly ventilated cross-woven bag must be
very hot and stifling.” This resonated with the first presi-
dent of Tanaka Industries,Inc., and thus he developed
RICERON and completed it three years later.
“RICERON” weaves combine bags, which we applied
for in 1971 as a utility model, laid the foundations for the
company as a manufacturer of agricultural materials that
offers unique products that cannot be found anywhere
else. Since then, RICERON has become a hit product
which sold at 300 thousand units in 1975, 600 thousand
units in 1976, 1 million units in 1977, and 2 million units

in 1979. Behind the rapid spreading of RICERON were
added values of its feature of being well-ventilated to help
reduce the sweating of rough rice, such as 1) its allowing
of raw rough rice to be temporarily stored and predried,
2) its allowing of complete drying with flat dryers and
rush dryers, 3) its keeping of rough rice from sweating
when huge amounts are collected at cooperative drying
facilities such as country elevators, and 4) its usefulness
in the production of quality rice.

There are two reasons why RICERON bags are blue.
The first reason is that the blue color lets infrared rays
in and keeps ultraviolet rays out so that the number of
cracked rice grains is significantly reduced. The second
reason is because of the results of verification tests held
at the Hyogo Prefectural Kaibara Agricultural Improve-
ment and Extension Center in November 1974. Although
cross-woven polypropylene ages after being exposed to
sunlight for forty to fifty days, polyethylene that is manu-
factured with the medium-low pressure method does not
lose its durability even after three years of being exposed
to sunlight.

The added value of meeting actual needs first and
the added value of keeping up with the times has gradu-
ally led RICERON to become a major hit on the market.
During the twelve years that have been spent on product
development, tests have been conducted in sixteen public
experiment stations in sixteen locations across Japan.
Tanaka Industries is sure that the customers will see the
passion that they feel for their products. To this day, they
still have the data from their tests preserved as research
achievements. They believe that the extensive testing that
has been conducted at public experiment stations is what
still makes RICERON a popular item among practical
farmers even thirty years after its initial development.

Flat-bed Dryers Example:The correct way to line bags

Drying with the contents in the bags
Woven

Please be sure
to fill 70%
with rough

rice.

Woven
»#® RICERON Bag

wide wide

height  height height  height }

wide wide wide

Note: Please rotate the bags when stacking them in three layers or

more. Dry properly and evenly.
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EDITORIAL

In early July this year, the “International Conference of Agricultural Engineer-
ing” was held in Valencia, Spain. The organizers of this huge event were CIGR and
EurAgEng, which made the event a joint conference. Nearly 1,500 visitors attended
the conference from all over the world, and it was definitely an energetic interna-
tional conference. A number of presentations were made, showing the result of vari-
ous research. Many of the themes were related to agricultural mechanization. All
the rooms holding sessions about agricultural mechanization of developing coun-
tries were filled with participants. It is known by everyone that the food problem
among developing countries is a priority issue, especially related to the growing
global population.

The world population has grown to more than seven billion, which is estimated to
be an overwhelming 10 billion in 2050.

Regardless of this situation, the farmland left on earth is obviously limited.
People must make full use of this limited land resource to supply food for the whole
world. We need to increase the land productivity and work precisely for the long-
term conservation of farmland. Still, many small farmers do exist in developing
countries. The task is to promote agricultural mechanization just for them and im-
prove the related technologies.

“Sustainability” is the keyword people frequently use nowadays. In fact, for the
human being to continuously survive on this planet earth for a long time, we need to
realize the harmony between the human being and other vital systems. To make this
a reality, we need research from different points of view. Promoting new agricul-
tural work on production systems, based on appropriate and scientific knowledge, is
also a key to success.

In the 21st century, newly developing countries are expected to grow more than
developed countries in terms of agriculture and agricultural mechanization. To sup-
ply the needed agricultural machinery, it is important to grow the local agricultural
industry. During the international conference of CIGR, there were many partici-
pants other than researchers from institutes and universities. Many of them were
from the industrial world. To give people plenty of food and a beautiful environ-
ment, worldwide cooperation among the agricultural engineering experts is neces-
sary.

I strongly hope for AMA to be one of the keys to accelerate this cooperation.

Yoshisuke Kishida
Chief Editor
July, 2012
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Animal Traction in Sudanese Agriculture,

A Comparative Study

by
Elsamawal Khalil Makki

Lyla Saeed Jamaa

School of Rural Extension, Education and Development (REED)
Ahfad University for Women, Omdurman SUDAN
sammakki@hotmail.com

Abstract

This study investigated the
similarities and differences of ani-
mal traction in different farming
systems in the Sudan. It followed
the cross-sectional survey design
in three farming sites: Dongola,
Alhagize and Shambat. Field data
were collected from a sample of 30
farmers in each site. Dependency
of selected parameters on farming
site was tested using the chi square
test. The results revealed several
differences between the three sites
in animal types, feeding practices
and farming operations with rela-
tive similarities between Dongola
and Shambat. Farmers in the three
sites face many problems relating to
harness and tools manufacture and
repair on one hand, and extension
and capacity building on the other.

Introduction

Throughout the developing world
and in many developed countries
draught animals are an inseparable
part of agriculture. While agricul-
ture undergoes modernization in
many areas, the use of draught ani-
mals persists and is even expanding.

The role of animal traction in
agriculture is well documented and

presented worldwide. The technol-
ogy continues to make a significant
contribution to livelihoods of the
families in the rural area and in
fields that are difficult for tractors,
or when the income does not justify
purchasing it (Ajva, 2000 and FAO,
2000).

Sudan with its high potential of
agricultural development has three
dominant agricultural sub-sectors.
These are: modern irrigated, mecha-
nized rainfed and traditional rainfed
sub-sectors. The latter is the largest
one and constitutes about 4 million
hectares. Farmers in this sector are
characterized by having small op-
erational farms of 1-2 hectares size
and using traditional-primitive tech-
nologies in farming. The limited
inputs of physical energy, capital
and technical know-how confines
this sector to subsistence level of
production (Mahmoud, 1982).

Animal traction in the Sudan is
used in different patterns and forms.
While it has been traditionally used
for centuries along the Nile valley,
the technology has been recently
introduced to Kordofan and Dar-
fur States through the intervention
of many NGOs; with Action Plan
(formerly Intermediate Technology
Development Group — ITDG) taking
the leading role in Darfur. Earlier
intervention in animal traction was

shouldered by the Western Savan-
nah Development Project in the late
1980s (Mohamed, 2001).

This paper argues that the em-
ployment of animal traction in ag-
riculture is decisively influenced by
differences in the farming system in
which it is employed. Attempts are
made to explore the similarities and/
or differences in the animal traction
situation in three farming areas in
the Sudan under the general hypoth-
esis that differences in farming sys-
tems results in differences in types
of animals, operations in which
animal traction is used, harnessing
techniques and animal husbandry
practices.

Objectives

The study was conducted to iden-
tify and compare the similarities
and differences in Drought Animal
Technology (DAT) in Shambat
(Khartoum State), Dongola (North-
ern State) and Alhagize (South Kor-
dofan State) as influenced by spatial
differences that relate to differences
in farming systems.

Justification

Draught animal technology was
introduced to Sudan through two
ways; either by immigrants (in
places near the Nile) or by diffusion
through organizations (in the tradi-
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tional rainfed farming areas). There-
fore, one expects to find differences
or similarities regarding the farming
system itself, types of animals used
along with the reason, type of har-
ness and other differences or simi-
larities that stem from spatial and
cultural variation. This comparative
study aims to show these differenc-
es considering the lack of published
data and information in such a field
at the local and national levels.

Materials and Methods

Field data for this exploratory-
comparative study was collected
from Alhagize village (South Kor-
dofan State), Dongola (Northern
State) and Shambat (Khartoum
State). The location of the three sites
is shown on the country map (Fig.
1).

Study Areas

Alhagize is located in the sandy
soil sector of Dilling locality, south
Kordofan state (longitude 24° 12' E
and latitude 10° 4' N). Traditional
rainfed farming is the main liveli-
hood of most of the population. The
vegetation cover in the area is poor
savannah and the soil is character-
ized by loss of fertility and low
yields. The rainy season starts in
May and ends in October, while
harvest starts in November and ends
in March. The main crops grown in
the area are sorghum, groundnuts,
millet; cowpea, hibiscus and okra
mostly on far sites from the village.

Dongola (also spelled Dunqulah
or Dunqula) and formerly some-
times as (AL-Urdi), is the capital of
the Northern State in Sudan (longi-
tude 30° 28' E and latitude 19° 10'
N). It should not be confused with
(old Dongola) an ancient city located

Fig. 1 Study sites on the map
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50 miles up stream on the opposite
bank of the River Nile. Farming is
confined to the River banks with
little production on the high terrace
whenever the soil allows. Beyond,
the Nubian Desert stretches east-
wards and westwards the Libyan
Desert. Most of the population de-
pends on farming with growing date
palms, vegetables, fodders, legumes
and wheat; mainly as winter season
crops. Fodder crops are intercropped
with date palm trees.

Shambat area lies on the right
bank of the River Nile in Khartoum,
the capital of the country (longitude
320 32' E and latitude 15° 40" N). As
in Dongola, farming is confined to
the River banks on a comparatively
wider silt plain. Farmers produce
different types of vegetables includ-
ing perishable ones and a few forage
crops. Being located in a metro-
politan area stimulates farmers to
specialize in vegetable production
with a purchasing community on
one hand, and to consider fodders in
a zero grazing area. Farmers in this
area are traditionally migrants from
northern and western Sudan.

Farm sizes are comparatively
similar in Khartoum and Dongola
with a general trend of small to
medium size plots (1-5 and 6-10 fed-
dans, respectively). This is dictated
by the limited available area along
the Nile valley and the fragmenta-
tion of plots by inheritance through
generations. In Alhagize farm sizes
are medium to large (6-10 and 11-15
feddans, respectively).

Data Collection

A sample of 30 farmers was se-
lected from each of the three sites
following the systematic random
sampling technique by selecting the
first of each three farmers starting
with the upper end of each study
site. The study followed the cross-
sectional survey design with three
clusters (study sites). Data were col-
lected using one type of question-
naire that covered aspects of animal
types and work, harnessing, animals
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feeding practices, veterinary care of
animals, draught animal selection
and training. Special consideration
was dedicated to explore the poten-
tial constraints faced by farmers in
animal traction. This was carried
out through observation and group
discussions with farmers. Data were
descriptively analyzed using the
statistical package for social studies
(SPSS) and differences between the
three sites were tested using the chi
square test.

Results and discussion

Types of Animals Used in Agricul-
ture

All farmers in Shambat use oxen
as traction animals for land prepara-
tion only. Animals are not used for
transportation because of the avail-
ability of half trucks that are faster
and cheaper. Further, animals are
not used in crop threshing. This is
justified by the type of crops pro-
duced, as Shambat farmers special-
ize in vegetables and fodders and do
not produce cereals. In Dongola, the
majority of farmers use animals in
land preparation, transportation and
threshing. Oxen are the only trac-
tion animals used for land prepara-
tion while donkeys and horses are
used in transportation either as pack
animals, or pulling carets. The tech-

Fig. 2 Animal uses

No. of farmers

nology is used successfully in the
area to the extent that it is hired for
higher rates compared to tractors
when cultivating date palm orchards
(high maneuverability and shal-
low ploughing that does not cut the
roots of palm trees). Dominance of
oxen as traction animals along the
Nile valley relates to the heritage in
the area as the technology resulting
from centuries of cultural interac-
tion with Upper Egypt where water
buffaloes were used for centuries.
Water buffaloes can not withstand
the climatic conditions in the Sudan;
hence they were replaced by oxen.
In contrast in Alhagize, the major-
ity of the farmers use their animals
in land preparation only and few use
them in transportation and thresh-
ing (Fig. 2). Oxen and donkeys are
used in land preparation, while only
donkeys are used for transportation.
The technology
has been recent-
ly introduced
to the area and
farmers’ capac-
ity building is
still in progress.
The value of
traction animals
increase when
areas of usage
diversify (FAO,
2000). There-
fore, farmers in

No. of farmers

Alhagize area seem to benefit less
from their animals in comparison
with Dongola. However, differences
have shown to be significant be-
tween the three areas using the chi
square test (P-0.05).

In the three areas oxen are har-
nessed in pairs using a locally made
double shoulder yoke (Fig. 3). A
rigid wooden or metal pole is used
as a beam to connect the plough to
the double shoulder yoke. In Sham-
bat and Dongola where land leveling
is essential, levelers are connected
by ropes to the harness.

Animal Feeding Practices

Most of the farmers in Shambat
and Dongola feed their animals the
same forage type and amount as
other animals (Fig. 4). Drought ani-
mals should be fed differently due
to the additional burden placed on

Fig. 3 Double shoulder yoke

Fig. 4 Animal Feeding
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their back as mentioned by (FAOQ,
1990). Apparently animals in Sham-
bat and Dongola seem to be mis-fed,
but farmers there produce legume
forages and other type of green for-
ages (“forage sorghum”), which, in
addition to concentrates, keep ani-
mals in a very good nutritional state.
Hence, no additional feed is needed.
On the other hand, in Alhagize
farmers depend on feeding animals
on hay in the off season and grasses
in the rainy season. Both have low
nutritive value and, consequently,
working animals need additional
feeding. However, most of the farm-
ers in Alhagize area follow the right
decision by feeding their animals
differently using concentrates. Fam-
ing system effect is evident in this
regard (P-0.05).

Animal Selection

Being healthy and of a large size
were the major criteria for most of
Shambat farmers for animals se-
lection (73 %). A minor portion of
them (27 %) were interested more in
animals age (Table 1). Both groups
perceive animal health condition
and good size as indicators of ani-
mal strength and ability to work.
A comparatively similar trend was
observed in Dongola (47 % pointed
health and size and 13 % pointed
age). A considerable portion of them
(40 %) mentioned local breed as a

Table 1 Frequency distribution of farmers per animal selection criteria

Animal selection Shambat Dongola Al-Hagize
criterion  [Frequency| % Frequency| % Frequency| %

Healthy & Large 22 73 14 47 6 20
size

Age 8 27 4 13 4 13

Local breed 0 0 12 40 0 0

Good price + red 0 0 0 0 20 67
color

Total 30 100 30 100 30 100

major criterion for animal selection.
This is probably to avoid disease
transmission from other areas and
for traditional reasons. The char-
acteristics mentioned by Shambat
and Dongola farmers were almost
absent in Alhagize area where farm-
ers highlighted health, large size (20
%), price color of the animal (67 %)
and age (13 %). Differences in this
regard are cultural and influenced
by the farming system. Further,
some of these criteria are not sup-
ported by scientific facts. The re-
cent introduction of the technology
and the poor condition of Alhagize
farmers suggest the need for inten-
sive capacity building packages in
animal traction. Similarity between
Shambat and Dongola relate to the
heritage and culture shared in com-
mon in the two sites besides the
similarity between the two farming
systems.

Fig. 5 Animal training site

No. of farmers

No. of farmers

Animal Training

All farmers in Shambat train their
animals on the farm, and almost 90
% in Dongola. But in Alhagize most
of the farmers (77 %) train their ani-
mals off farm (Fig. 6). Training ani-
mals on the farm reduces the time
and financial resource required for
the training. The seasonality of pro-
duction might have resulted in this.
Farming systems in Alhagize are
traditional rainfed where the season
is limited to rainfall and farmers
have to be prepared before the first
rain shower to catch up with the sea-
son. Moreover, the off-season use of
donkeys and horses as pack animals
allows farmers to train animals off
farm. Then training for traction
purposes for agriculture becomes an
easy task.

All the oxen in the three sites are
trained on farm, while donkeys and
horses are trained off-farm unless
the conditions on-farm allow. For

Fig. 6 Animal trainers

35" mEOn farm 35" I Specialized trainer
[ JOff farm [ ] The farmer
30— 30—
25~ 25—
20— 20 —
15— 15 —
10 — 10 —
6 ‘ ‘ . ‘ | ‘
Shambat Dongola Al-hagize Shamabt Dongola Al-hagize
Farming site Farming site
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Table 2 Frequency distribution of farmers per animal working hours

Working hours Shambat Dongola Al-Hagize
Frequency| % Frequency| % Frequency| %
1to 5 hours 8 27 7 23 16 53
6 to 10 hours 18 60 23 7 14 47
> 10 hours 4 13 0 0 0 0
Total 30 100 30 100 30 100

Alhagize, training on the farm is
not possible unless training sessions
start at the beginning of the rainy
season.

Farmers in Shambat train ani-
mals by themselves (Fig. 6). The
situation is almost the same in
Dongola; except for (5 %) who hire
other experienced farmers to train
their animals. In Alhagize area,
slightly more than three fourths of
the farmers (77 %) train animals by
themselves. Though animal type is
different in Alhagize where farmers
manage to carry out animal train-
ing.

Animal traction in agriculture
does not have a long history in the
area, but animals were used as back
animals. Hence, their training for
agricultural work will not be so
difficult, despite the general belief
that “animal training is a matter of
course in the areas with long history
and tradition in animal traction”.
However, no significant differences
were indicated in this regard.

Fig. 7 shows that the majority of

Fig. 7 Animal training duration

No. of farmers

Shambat farmers (70 %) take from
15 to 30 days to train their animals.
A few of them (30 %) train animals
in a period of one month to 45 days.
Dongola and Alhagize recorded
identical results with slightly less
than three fourths (73 %) of them
taking from 15 to 30 days for ani-
mal training. Despite the differences
in animal types between Alhagize
and Dongola, training took the
same time. The difference in Sham-
bat is probably due to animal age.
Animals are comparatively older in
Khartoum and are purchased from
the market, while in Dongola they
train “farm animal”. Results for
Shambat were significantly different
(P-0.05) compared with both Al-
hagize and Dongola, which recorded
statistically similar training periods.
This clearly reflects the effect of lo-
cation on training period of draught
animals (which from its side is af-
fected by tradition, farming system
and animal type).

No. of farmers

Working Hours of Drought Animals

Work hours of draught animals re-
flect the intensity of operations with
reference to farm size. Working
hours in Shambat area ranged from
1 to 5 hours for less than one third
of the farmers (27 %), while for the
majority (60 %) ranged between 6
to 10 hours (Table 2). Few farm-
ers work for more than 10 hours. In
Dongola, more than three fourths of
the farmers (77 %) work from 6 to
10 hours, while the rest work for 1
to 5 hours. Working hours are influ-
enced either by plot size, or by the
intensity of operations. Plot size ef-
fect is evident in Alhagize where the
majority of the farmers (53 %) work
for less than five hours. Further,
farmers in Ahagize use draught
animals in ploughing only, while in
Shambat and Dongola animals are
used for ploughing, leveling and
ridging. Farming system had a sig-
nificant effect on animals working
time (P-0.05). In all the three sites
working hours are divided into two
shifts; one in the early morning and
the other in the afternoon.

Veterinary Care of Drought Animals

Most of the farmers in Dongola
and Alhagize (70 % and 90 %, re-
spectively) have shown an outstand-
ing response regarding veterinary
care of drought animals as they take
their animals regularly to the veteri-

Fig. 8 Veterinary care of draught animals

[ ] No special veterinary care

[ 1]

Dongola Al-hagize

357 MMl 7to10days [ ] 15t030days [N 1 month-45days 39 [~ [ Special veterinary care
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nary centre (Fig. 8). This is the right
decision as the main factor affecting
the animal power output is its health
condition and weight. In Shambat,
most of the farmers do not access
veterinary service, though the ser-
vices situation is better in Khartom.
Instead farmers buy medicines di-
rectly from veterinary pharmacies.
Dongola and Alhagize results were
statistically similar while they were
both different from Shambat (P-
0.05) based on the chi square test.
Veterinary care for animals is not
common in Sudanese culture. Ani-
mals are not taken to the veterinary
centre unless they are seriously sick,
or during vaccination campaigns.
The trend in Shambat and Dongola
is alarming and draws attention to
the serious problems animal traction
can face.

Problems and Constraints Facing
the Technology

Farmers in Shambat are faced
by the problem of farming fees
and animals license. Timeliness
was mentioned by a few farmers in
Shambat and Dongola. Problems of
veterinary care, feeding, extension
and training faced Alhagize farm-
ers. It is obvious that farmers in
Alhagize area faced more problems
than Shambat and Dongola. Nev-
ertheless, the farmers in the three
areas have different views as to the
most important constraints facing
them. This is due to differences in
farming systems, soil type and the

history of technology itself in each
area.

Field observations revealed weak
consideration from the Ministry of
Agriculture to animal traction in
agriculture at both federal and state
levels. Animal traction farmers
could not organize themselves into
a union or society to represent their
interests, nor did researchers and
scholars establish an animal trac-
tion society or network to benefit
farmers and boost the technology
application in the country, unlike
the neighbouring Ethiopia, Kenya
and Uganda where there are active
networks and societies.

Farmers face many problems
with harnessing and implements
repair and manufacture. This leads
to reluctance from other farmers to
adopt the technology from one side
and to un-affordability of others to
purchase the implements they need.

Conclusion

Animal traction in Sudanese agri-
culture showed several differences
in regard to the farming system;
mainly in animal types, feeding
practices and farming operations.
Relative similarities concentrated
in animal harness, veterinary care,
training and animal working hours.
The technology is faced by many
constraints and problems that are
site specific.
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Abstract

Maize is becoming the third ma-
jor crop of the country after rice and
wheat. Dehusking and shelling of
the maize cob are done mostly by
the farm women in the country. This
operation is mostly performed by
the traditional method. To provide
options for small and hill farmers, a
hand operated maize dehusker-shell-
er has been designed, developed,
fabricated and evaluated. Farm
women could easily operate the
machine with right or left hand. The
output capacity with the machine
was about 60 kg/h at a feed rate of
80 kg un-dehusked cob per h. The
dehusking efficiency was 100 %,
shelling efficiency 98.8 % and grain
breakage 0.3 % at a peripheral cyl-
inder speed of 5.6 m s Two farm
women (one for hand cranking and
another for feeding the cob) were
required during operation of the
machine. Both the workers could be
shifted during operation to increase
the continuity in operation.

Pratap Singh

Ex. Director of Research,

MPUAT

Udaipur- 313001, INDIA

Introduction

Normally cobs are plucked from
the standing maize crop and there-
after the maize stalk is harvested.
After plucking the maize cob, it is
dehusked manually and then dried
in the sunshine to reduce moisture
content to 15-21 percent (d.b.) for
shelling to get the grain from the
cob. The activity related to removal
of the outer sheath from the plucked
cob (called dehusking) is mostly
performed by farm women. It is
also observed that except beating
with a stick, removal of grain from
rest method (finger, sickle, etc.) is
done by farm women (Singh, 2010).
To mechanize this activity for
small and hill farmers, the pedal-
operated maize dehusker-sheller
was developed at Udaipur (Mudgal
et al., 1998). This machine had a
single octagonal cylinder, one half
of which was provided with rasp-
bars and the other with rubber strips
to act as dehusking and shelling
units respectively. This dehusker-

sheller was recommended for me-
dium farms (Ali et al., 1986) but
this equipment could not reach to
the farmers as this was operated by
two men workers due to high power
requirement. The dehusking and
shelling efficiencies were 90 and 95
percent, respectively, at optimum
moisture content of 17 to 19 percent.
These were some of the reasons for
not reaching to the farmer level. The
estimate of population of agricultur-
al workers indicated the declining
trend of men workers and increasing
trend of women workers for farm
operations (Anonymous, 2006).
Thus, an attempt was made to de-
sign, develop and fabricate a maize
dehusker-sheller operated by farm
women. The present paper discusses
the design, development and evalu-
ation of such a maize dehusker-
sheller.

Methods and Materials

During the development of the
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prototype of the maize dehusker-
sheller, it was kept in mind that the
equipment suitable for farm women
would automatically suit to men
workers as farm women were hav-
ing less strength than men workers
(Singh et al., 2006). Farm women
wear loose cloth (Saree) and are
not accustomed with cycling. Thus,
they prefer such equipment that can
be operated by hand. The design
criteria for development of different
components of the hand operated
maize dehusker-sheller are de-
scribed below:

Threshing System

Of the cross-flow and axial flow
threshing, the axial flow system was
opted as material passed through
the threshing zone between the
axial flow cylinder and concave
several times due to rearward move-
ment in a helical path, rather than
making a single pass in the cross-
flow cylinder. This feature with the
axial flow threshing system helps in
getting more retention time for un-
dehusked cobs during continuous
feeding. This system consumes low
energy because it does not make
fine straw in comparison to spike
tooth and rasp bar type threshers.
Moreover, with the dehusker-sheller,
there is no need of making straw so
the axial flow system was opted.

Threshing Cylinder

The threshing cylinder consisted
of beaters, solid lugs and louverers.
Four beaters were used in the cylin-
der of the axial flow threshing sys-
tem for providing sufficient space
to avoid carrying of un-dehusked
maize cobs though the periphery
of the threshing cylinder. This also
helped in reducing total power re-
quirement in dehusking-shelling.
The beater length of cylinder of the
axial flow maize dehusker-sheller
was 0.54 m including square solid
plates.

Threshing Element

The rasp bar, spike tooth and solid
lugs, square solid lugs were opted as
threshing element on MS angle iron
beater as it also helped in reducing

the energy requirement in the opera-
tion of dehusking-shelling the un-
dehusked cobs due to less contact
with cob. Based on minimum length
of cob (75 mm), the number of solid
lugs in each beater was three. The
lug spacing on each beater was 150
mm, thus, during rotation, a lug
spacing of 75 mm was obtained so
that even the small cob having a
length up to 75 mm could be dehu-
sked and shelled with the machine.
The size of each square solid lug
was of 320 mm width x 320 mm
height x 460 mm length and the lug
was mounted on the parallel beaters
at an angle of 25.760 clockwise and
on remaining parallel beaters it was
welded in anti-clock wise directions
at the same angle.

Louverers

Two helical louverers (one at the
feeding side and the other at the out-
let side) were provided on the beater
of the cylinder for easy movement
of cobs from feeding end to outlet
side. Both the louverers were made
in arch shape and attached from first
solid lug of a beater to the second
lug of another beater. Simultaneous-
ly other louverer was welded from
the second lug of the third beater to
the third lug of the fourth beater.

Cylinder Diameter

The cylinder diameter, including
lug height, was 380 mm to achieve
the peripheral tip cylinder speed of
about 5.5 m s at hand a cranking
speed of 50 to 55 rpm. The large
size diameter cylinder was taken
as this worked better with available
power. Using a cotter bolt, the cyl-
inder was tightened with cylinder
shaft.

Design of Cylinder Shaft

This was designed considering
torsion combined with bending, as-
suming uniformly distributed load
on a simple supporting beam. The
following formula was used for cal-
culating cylinder shaft diameter:

(wd®/ 16) = [N T2 + (M2 | Saion)] ...

............................................... @)
Where,
d = diameter of cylinder shaft,

cm
T = torque on shaft, kg-cm
M = bending moment on shaft,
kg-cm
Sallow = allowable stress for
mild steel shaft, 560 kg/cm?

Torque on cylinder shaft was cal-
culated using following formula:

T=(HP x 4500) /2 N....... @)

Where,

T = torque on shaft, kg-m

HP = horse power to be trans-
mitted, hp

N = speed, rpm

n=3.14

Assumption,

HP = Considering maximum
power that could be developed by
a human being of 1 hp, as reported
by Wilkle (1960) and Anonymous
(2010).

N = Shaft speed was taken 275
rpm to obtain peripheral speed of
5.5 m s™. Design torque was kept the
same as obtained, i.e., 260.57 kg-
cm as maximum power developed
by a human being was considered.
Bending moment was calculated as-
suming uniformly distributed load
over a simply supported beam. Load
was calculated on the basis of cob
weight to be fed. Cob weight of 285
g was considered. Assuming a load
of about two un-dehusked cobs (570
g weight), thus, 570 g load would be
on cylinder. The length of circular
MS shaft was 800 mm to accommo-
date the width of cylinder, cylinder
cover, bearings and 100 mm excess
shaft to provide the driven sprocket.
Bending moment on the cylinder
shaft was calculated by:

M=(WXP)/ 4o, 3

Where,

M = bending moment on shaft,
kg-m

W = load per metre length, kg/
m

| = cylinder/ main shaft length,
m

Putting the value of torque, bend-
ing moment and allowable shearing
stress in formula 2, the diameter of
the cylinder shaft was about 14 mm.
Taking 2 as factor of safety, the di-
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ameter became 28 mm.

Bottom concave of Cylinder

The concave clearance was de-
cided as per the literature and the
diameter of kernel (shelled cob) was
also considered which varied from
16 to 37 mm. Hence, the concave
clearance was kept to 35 mm. The
hole size of mild steel mesh/sieve
for lower concave was about 30-
35 % more to the maximum length/
diameter of maize grain (12 mm) so
that grain obtained from the process
of dehusking-shelling could eas-
ily pass through it. Thus, hole size
of perforated concave screen was
16 mm. The diameter of concave
perforated sheet was 430 mm with
a depth of 185 mm. A collar of 65
mm width was also provided at
both ends on length side so that the
concave rested on the main frame.
Six 8 mm square bars 540 mm long
were was welded over the perforated
concave at equal spacing of 80 mm
as this square member also helped
in dehusking-shelling the un-dehu-
sked maize cob.

Cylinder Cover

A cylindrical shaped cover was
provided for the top portion of the
cylinder. The diameter, length and
depth of top cylinder cover were
525, 560 and 285 mm, respectively.
A rectangular opening (45 mm
width x 50 mm height) from both
sides was provided for smooth run-
ning of cylinder shaft. A square
opening of 120 mm was provided
on this cover from the front side to
mount the hopper. The top cover
was welded at three places using a
hinge clamp from the back side and,
at the front side, three lock clamps
were attached so that it could be
easily opened whenever required.
To provide stability to top cover
while in opening position, a stopper
was welded on second hinge clamp
at the back side.

A conical shaped cover was pro-
vided for the bottom of the cylinder,
which covers concave bottom sieve
and also facilitates the grain com-
ing from the cylinder. The diameter,

length and height of conical shaped
bottom cover were 525, 560 and 300
mm, respectively. An opening on
the bottom cover from the other end
of feeding was provided in half arch
shaped above 12 mm from perfo-
rated concave for coming out dehu-
sked material from the cylinder. The
opening for husk outlet was decided
based on 10 % of average size of un-
dehusked cob with stalk (237.6 mm).

Feeding Arrangement

The feeding arrangement of the
dehusker-sheller was the ‘throw-
in’ type, where whole cobs were fed
into the machine through a hopper.
The feed hopper was designed for
feeding one by one cob to avoid
over feeding which might affect the
performance of the machine due
to limited available power from
women workers. The height of the
hopper was 330 mm to reduce the
energy requirement in dehusking-
shelling maize cobs (Johnson et
al., 1969). The hopper height from
ground was 1,400 mm.

Grain Collecting System

A trapezium shaped grain collect-
ing system was made and attached
with the opening provided in bot-
tom cover for grain after dehusking-
shelling. A hook on both side of the
grain collection point was welded to
mount a sack on the vertical collar.
The height from ground of this unit
at the grain collection point was 400
mm. This unit was mounted at an
angle of 250 from horizontal to al-
low free flow of maize grain.

Frame of Dehusker-sheller

Trapezium shaped frame was pro-
vided for the maize dehusker-sheller
to provide more stability during op-
eration. An angle of 6.610 from top
breadth was, thus, provided at each
leg. A small wheel (120 mm diam-
eter solid wheel) at four corners of
the frame was provided to facilitate
the machine for easy movement
from one place to another place. The
handle height of the machine was
600 mm. A wooden handle grip 30
mm diameter and 140 mm long was
provided.

Power Transmission System
To transfer of power from a hu-
man being to the machine, a chain
sprocket system was selected for
transmission of power to a paral-
lel shaft; i.e., from cranking end to
cylinder shaft with moderate cen-
tre distance. It consisted of chain,
sprockets, frame for mounting drive
sprocket, shaft for mounting drive
sprocket, handle and chain cover.
Selection of the chain-sprocket sys-
tem was based on following criteria:
* Maximum power developed by
human being= 1 hp
» Speed of drive sprocket = 50
rpm
* Required cylinder tip speed =
55ms?
* Dehusking-shelling cylinder di-
ameter = 380 mm
The shaft speed of cylinder was
calculated using formula,
Shaft speed (m s*) = (r D N) / 60.

.................................................. @
Where,

D = diameter, m

N = speed, rpm

Thus N became 277 rpm.
Let us take the rpm of driven
sprocket = 275.

The required velocity ratio =
(Shaft speed, rpm) / (Cranking
speed, rpm)..........cccuevouieniins ®)

The required velocity ratio = 5.5

As per the availability, the num-

ber of teeth on the small sprocket
(n;) was 13. Therefore, the number
of teeth on the larger sprocket (n,) at
the cranking end was 68.

The Driving Force was Calcu-

lated using the Formula

F=(HP < 4500)/ V..ooveevree.... (6)

V can be calculated by using for-

mula,

V=(PNiny)/1000.......... @)

Where,

F = driving force, kg

V = chain velocity, m/min

p = chain pitch, mm

N; = rpm of drive sprocket

n; = number of teeth on drive
sprocket

A small chain pitch of 12.5 mm

was selected as it is usually desir-
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able in chain drive to reduce surg-
ing of the chain. Centre distance
between drive and driven sprockets
was calculated based on 40 pitch of
sprocket, i.e. 500 mm.
For finding single/duplex/triplex
chain, the formula used was,
Fu = Factor of safety X F ........ (8)
Factor of safety = 8.2 as recom-
mended
Fu = 868.216 kg
Single chain was found due to
breaking load of 1417 kg.
Actual factor of safety was
checked by
[1] = Q/ZPoieeeieeraei, 9)
Where,
Fu = breaking load, kg
Q = breaking load of chain, kg
[n] = actual factor of safety
Taking the breaking load of chain
(Q) = 1417 kg and considering ac-
tual factor of safety [n] that should
be greater than allowable.
2P=P +P.+ P

Where,

P.=(75 xH.P)/V =105.63 kg...
............................................. (20)

P.=wV?/g=0.031 kgf......... (1)

Pi=Kwa=12....cccevinrnn. (12)

Where,

P, = tangential force due to
power transmission, kgf

P. = centrifugal tension, kgf

P, = tension due to sagging of
chain, kgf

V = chain velocity, m/s

Fig. 1 Farm woman operating the 1st prototype of hand
operated maize dehusker-sheller

I® [ n e L LW

g = gravitational acceleration,
9.81 m/s?

K = coefficient for sag

w = weight per metre of chain,
kg

a = centre distance, m

Thus,

2P = 106.861 kgf

Hence,

[n] = Q/XP = 1417 / 106.86] =
13.26

Thus, the design was safe.

Design for diameter of shaft to
mount drive sprocket was done con-
sidering torque only. The formula
used for calculating the diameter of
shaft was:

DP=(16 xT) /(T X f$) cvvvuene. (13)

Where,

fs = allowable stress for mild steel
shaft, 560 kg/cm?

Torque on drive sprocket shaft
was calculated using equation,

HP = [2 x 7 x Speed of rotation
(rpm) % Torque (kg-m)] / 4500..
............................................. (14

Assumption,

Horse power (HP) to be transmit-
ted=1hp

rpm of hand cranking shaft (N ) =
50

Thus,

T = 14.324 kg-m = 1,432.4 kg-cm

Design torque was kept the same
as obtained, i.e., 1,432.4 kg-cm as
maximum power developed by a hu-
man being was considered.

Hence, D = 2.35 cm = Say 25 mm

Diameter of shaft of drive sprock-
et was taken as 25 mm. A safety
cover was provided for the chain-
sprocket to avoid any accident. As-
suming power loss of 5 % due to
power transmission through chain-
sprocket and 10 % loss in stepping
up speed, the net power would be
85 % of maximum available power
from human being that could be
utilized for operating the maize
dehusker-sheller.

Performance of machine

The cylinder (540 mm length) was
fitted in the first prototype of hand
operated maize-dehusker-sheller.
This prototype could accommodate
a cylinder of 725 mm length. The
prototype fitted with 540 mm cylin-
der was assessed and farm women
could successfully operated the
machine. This machine was able
to perform the intended function.
Thereafter, the prototype of hand
operated maize dehusker-sheller
was operated by ten farm women
in standing posture for dehusking-
shelling the un-dehusked maize
cobs (Fig. 1). The average moisture
content of grain was measured us-
ing standard techniques of the oven
drying method. The performance
of the machine was observed in
reference to dehusking, shelling and
grain breakage. Feeding of cob was
one by one and feeding of next cob

Fig. 2 Grain obtained (recovery) from maize cob at different feed
rates while operating maize dehusker-sheller with farm women
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was based on slow release of grain Fig. 4 Orthogonal view of final prototype of hand operated maize dehusker-sheller
from the grain outlet. Output of the
dehusker-sheller was calculated.
Grain obtained from maize cob at
different feed rates while operat-
ing the maize dehusker-sheller with
farm women is shown in Fig. 2.
Shelling efficiency and grain break- 6
age at different cylinder speeds
while operating the maize dehusker-
sheller with farm women are shown
in Fig. 3.

Based on the results obtained with
this prototype, a computer aided de-
sign was prepared for fabrication of
the final prototype of the hand oper-
ated maize dehusker-sheller. The fi- 1)
nal machine consisted of trapezium
shaped frame, threshing cylinder
(540 mm length x 380 mm diam-
eter) with solid lugs and helical lou-
verers, hopper, power transmission
unit, transport wheels (75 mm di-
ameter and 30 mm width), etc. The
orthogonal view of the machine is
shown in Fig. 4. This machine was
fabricated as per design. The ma-
chine was also evaluated with farm
women (Fig. 5) to assess its per-
formance in comparison to earlier

17 )| 20 || 21 19 ][ 15 ) 14 1 12 )| 23

22

[y

Trapezium shaped 9 Stopper on hinge 17 Handle assembly
frame clamp

Bottom cylinder cover 10 Latch assembly 18 Bolt

Sieve 11 Bearing block 19 Nut

. Threshing cylinder 12 Drive sprocket 20 Roller chain assembly
proto.type. The data obtained from Bolt 13 Circular clip 21 Safety cover assembly
the first prototype was compared Washer 14 Drive sprocket 22 Bolt

with final prototype and are given assembly

in Table 1. The manufacturing cost Nut 15 Key 23 Nut

of the final prototype of hand oper- 8 Top cylinder cover 16 Driven sprocket

ated maize dehusker-sheller is given assembly

in Table 2. The cost of operation of Fig. 5 Farm woman operating the final
prototype of hand operated
maize dehusker-sheller

Fig. 3 Shelling efficiency and grain breakage at different cylinder L —
speed while operating maize dehusker-sheller with farm women
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maize dehusker-sheller per kg grain
was calculated and given in Table 3.

Results and Discussion

Effect of Feed Rate on Grain Recov-
ery
The developed maize dehusker-
sheller was evaluated by recording
the performance of the machine
during hand cranking by farm
women. The grain moisture content
was 11.7 + 1.16 % (d.b.). The grain
recovery increased from 48 to 72
kg/h with increase in feed rates
from 71 to 95 kg/h at hand crank-
ing speed from 51 to 60 rpm with
the developed machine (Fig. 2). The
variation in grain recovery might
be due to cylinder speed and grain
to spent cob ratio. The relationship
between grain obtained (recovery)
from the un-dehusked maize cob
during different feed rates while op-
erating the maize dehusker-sheller
by farm women was established
using linear, logarithmic, power,
exponential and polynomial trends.
The higher value of coefficient of
determinant (R?) suggested a second
order polynomial trend. The polyno-
mial trend clearly indicated at a feed
rate of 95 kg/h, the declination in
grain recovery was observed, which
suggested stricting the feed rate for
this machine to below 95 kg/h. The
polynomial best fit equation is given
in equation 15.
y =—0.0144x> + 3.2407x — 108.53
............................................. (15)
The dehusking efficiency was 100
% at all the cylinder speeds. The
relationship between peripheral cyl-
inder speed and shelling efficiency
and grain breakage is shown in Fig.
3. The shelling efficiency was in
increased from 97 to 99 % with in-
crease in peripheral speed from 5.30
to 6.24 m s* for the feed rates of 71
to 95 kg/h. The grain breakage was
found lowest at speed of 5.7 m s™.
The high grain breakage was ob-
served at speed of 5.3 and 6.24 m s™.
This might have been due to varia-

tion between impulse forces with
respect to cob during dehusking-
shelling process at corresponding
cylinder lengths. The graph indi-
cated the peripheral cylinder speed
of 5.7 m s for optimum shelling
efficiency with low grain breakage
at a feed rate of about 80 kg h.

Comparative Performance of Pro-
totypes

None of un-dehusked maize cob
came without dehusking with outlet
in both prototypes, thus, the dehu-

sking efficiency was 100 % (Table
1). The shelling efficiency was 98.5
% at cylinder speed of 5.7 m s and
grain moisture content of 11.2 %
with prototype-I. While it was 98.8
% with the final prototype at cyl-
inder a speed of 5.6 m s and grain
moisture content of 10.1 %. Though,
there was not much difference in
shelling efficiency with both proto-
types. It could be assessed that dried
un-dehusked maize cob might gave
better shelling. The output in terms
of grain per kg with both prototypes

Table 1 Comparative performance results of prototype-I and final prototype
while operating maize dehusker-sheller with farm women

Particulars

Average Values

Prototype-I \ Final prototype

Maize grain/spent cob ratio 0.76

Grain moisture content, % (d.b.) 11.7 10.1+0.22
Peripheral cylinder tip speed, m/s 5.7 5.6

Feed rate, kg/h 83.6 79.8
Output, kg/h 60.3 60.0
Dehusking efficiency, % 100 100
Shelling efficiency, % 98.5 98.8
Grain breakage, % 0.8 0.3

Table 2 Manufacturing cost of final prototype of hand operated
maize dehusker-sheller

. Approximately cost, Rs.
Parts Weight, kg Rate  |Material cost
Trapezium shaped frame including frame 195 40/kg 780
of power transmission unit, kg

Cylinder (beaters, lugs and square plate), kg 20.5 60/kg 1,230
Cylinder shaft, kg 33 50/kg 165
Top cylinder cover including hopper, kg 10.5 60/kg 630
Perforated concave including MS bar, kg 6.2 90/kg 558
Bottom conical shaped cover, kg 8.25 60/kg 495
Grain collection unit, kg 35 60/kg 210
Weight of handle, kg 15 60/kg 90
Sprockets, kg 1.6 16/teeth 1,296
Bearing cover with bearing, kg (4 nos.) 57 450/ unit 1,800
Weight of chain, kg 0.986 200/ chain 200
Safety cover, kg 1.201 70/kg 84
Transport wheel 4 no. 50/ piece 200
Nut and bolts 100
Paint (primer 1 | + paint 2I) 600

Total cost of material (A) 8,438

(say 8,450)
Manufacturing cost including labour and 50 % of A 4,225
overhead charges
Profit 20 % of A 1,690
Total manufacturing cost 14,365
(say 14,500)
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was about 60 kg. The performance
results of prototype-I and final pro-
totype were almost identical.

All the farm women operated the
equipment comfortably with either
left or right hands. Two farm women
(one for hand cranking and another
for feeding the cob) were required
during operation of the maize
dehusker-sheller. Both the workers
could be shifted during operation to
increase the continuity in operation.

Weight of the final prototype of
the hand operated maize dehusker-
sheller was 85 kg. Four small trans-
porting wheels 75 mm diameter
were provided for ease in transport.
Cost of fabricating (manufactur-
ing) the final prototype came to
Rs.14,500/ (290 $), Table 2. The
cost of getting one kg maize grain
with hand operated maize dehusker-
sheller came to Rs.1.15 (Table 3).
The final machine was also used for
shelling dehusked maize cob and it
was found that the machine is ca-

pable of doing the desired job.

Conclusions

A hand operated axial flow maize
dehusker-sheller operated by farm
women was designed and devel-
oped. Farm women could easily op-
erate the machine with right or left
hand. The peripheral cylinder tip
speed of 5.6 to 5.7 m s* was found
optimum from the grain breakage
point of view. The output capacity
with the machine was about 60 kg/
h at feed rate of 80 kg un-dehusked
cob/h. The dehusking efficiency was
100 %, shelling efficiency 98.85 %
and grain breakage 0.3 % at 5.6 m
s cylinder speed.
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Evaluating the Performance of a Bulk-Milk Cooler

on a Dairy Farm
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Abstract

The present study was carried
out at the Animal Production Re-
search Station, Sakha Village, Kafr
Elsheikh Governorate, Egypt during
the summer 2006 using a bulk-milk
cooler. The principal objective was
to calibrate the bulk-milk cooler at
different milk loading capacities
(collection every other day) and
to assess the applicability of those
capacities in accordance with the
cooling capacity standards of bulk
coolers. At the first milk loading
for every day collection (50 % of
cooler capacity), milk temperature
reached 277.3 K within two hours
from starting the storage time. The
first loading for every day milk col-
lection was successfully accorded
with the cooling capacity standards.
Conversely, the specifications of
the bulk-milk cooler at the second
milk loading for every day collec-
tion were not achieved and not in
accordance with the cooling capac-
ity standards. Milk temperature
reached 286.8 K at the end of the
second loading when it must not
exceed 283 K. On the other hand, at
the first loading for every other day
milk collection experiments, milk
temperature reached 277.4 K after
only 0.5 h from the beginning of
storage time. This was essentially
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due to the small capacity of milk (25
% from cooler capacity). At the end
of the second milk loading, for ev-
ery other day milk collection, milk
temperature was 281.9 K and was
accorded with the cooling capac-
ity standards. For every day milk
collection, cooling capacity of the
bulk cooler was increased during
the second loading (100 % of cooler
capacity) by 17.51 % over that of
the first one (50 % of cooler capac-
ity). Conversely, for every other
day milk collection, cooling capac-
ity was reduced during the second
loading (50 % of cooler capacity) by
14.77 % over that of the first one (25
% of cooler capacity). For determin-
ing the convenient capacity of the
bulk-milk cooler for every day milk
collection, the bulk milk cooler ca-
pacity should not exceed 80.38 %
(1.286 m®) of milk to maintain milk
temperature at the recommended
level for safe storage and marketing.

Introduction

Nowadays, it is important to
consider the temperature of milk
after milking process. If the milk
is exposed to high temperature for
several hours, it will have bacteria
reproduction.

Milk should be stored at lower

temperature to prevent bacteria
reproduction and follow the per-
missible limits of bacteria content.
Good milk cooling machinery is
needed for keeping the milk at low
temperature; one of which is the
bulk cooler. Today, most milk is
cooled and stored on dairy farms
in bulk-milk coolers. But bulk-milk
coolers should pass the cooling ca-
pacity standards, which include the
following two points: 1. When milk
is collected every day, the cooling
capacity standards are; (a) the bulk-
milk coolers are designed for every
day pickup and must cool 50 %
(first loading) of the tank volume
from 305 K (average temperature at
which milk reaches the bulk tank)
to < 283 K within one hour, and to
< 277.4 K within the second hour
from the storage time of milk. (b)
When additional warm milk is add-
ed (second loading and full tank),
mixed temperature of warm milk
with cold milk should not exceed
283 K; 2. When milk is collected
every other day, the cooling capac-
ity standards of bulk-milk coolers
are; (@) the coolers must cool 25 %
(first loading) of the tank volume
from 305 K (average temperature
at which milk reaches the bulk
tank) to < 283 K within one hour,
and to < 277.4 K within the second
hour from the storage time of milk.
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When additional warm milk is add-
ed (second loading and 50 % of the
tank volume), mixed temperature of
warm milk with cold milk should
not exceed 283 K. These standards
apply to tanks (bulk-milk coolers)
having the 3A label, which symbol-
izes approval by the three agen-
cies involved in manufacture, use
and inspection of farm bulk tanks,
namely, the Dairy Industry Com-
mittee, the International Association
of Milk, Food and Environmental
Sanitarians and the Federal Drug
Administration (Judkins and Keen-
er, 1960; Campbell and Marshall,
1975; Sainsbury and Sainsbury,
1982 and Maton et al., 1985). In
Egypt, the quantity of raw milk is of
about 5.32 Tg and its production rate
is of 30.22 %. The annual consump-
tion from milk products is of about
50.2 kg/person per year. Egypt im-
ports, every year, 55 Gg from milk
products. Therefore, the rate of self-
sufficiency from milk products is
of 92.22 % (CIHEAM, 2006). The
specific heat (heat capacity) of the
whole buffalo milk varies widely,
depending upon the temperature.
The usual range is from 3.894 to
3.940 kJ/kg.K. The specific heat is
greatest at 292.4 K, and decreases
rapidly above and below this point.
An average figure may be taken as
3.940 kJ/kg.K. The specific gravity
of whole milk also varies according
to its composition. The usual range
is from 1.028 to 1.035. Note. Also.
that the specific gravity changes
very widely with the temperature so
that, in practice, all readings must
be made at a certain temperature;
usually 288.5 K or a correction must
be applied. An average figure may
be taken as 1.032 (Farrall, 1963).
There are two types of refrigerated
farm bulk tanks: the direct cooling
or direct expansion type of tank
and the indirect cooling or the ice
building chilled water bulk tank.
The time required for cooling milk
is less with the indirect cooling tank
than with the direct one. The ice-
bank allows an immediate cooling,

while, in the direct expansion sys-

tem, the condensing unit only starts

to function at the beginning of the
milking and, further, only works

now for maintaining the milk at a

temperature below 278 K during

storage (Maton et al., 1985). Bulk-
milk coolers have been calibrated to
facilitate in determining the amount
of milk present. Proper sanitation
and maintenance of milking equip-
ment are important adjuncts to
healthy cows, efficient production of
milk and providing tasty and high-
quality milk for man (Campbell and
Marshall, 1975). The production of
high-quality milk requires that it
must be cooled promptly after milk-
ing and stored at a temperature low
enough to inhibit the growth of bac-
teria (about 277.4 K). The practice
has been to store the milk in cans
having a capacity of 0.030-0.038
m?®, which are placed in an insulated
tank filled to the neck of the cans
with refrigerated water. However,
this is being replaced with bulk-
milk tanks, which permit better
handling and transporting milk eas-
ily to the market. The size of a milk

cooling tank should be about of 1.5

times the annual average production

per day (Barre et al., 1988). Com-
mon practice in developed countries

is to store milk on the farm for 1-3

days at low temperatures (277-279

K) in order to reduce collection

costs. Cold storage improves the

bacteriological quality (Raynal and

Remeuf, 2000).

The present investigation was
conducted to evaluate the perfor-
mance of a bulk-milk cooler on a
dairy farm under the conditions
of different milk loading capaci-
ties (every day and every other day
collection). The specific objectives
were drawn as follows:

a) To distinguish between the be-
havior of every day and every
other day collection and maintain-
ing milk temperature inside the
bulk cooler,

b) To assess the applicability of the
bulk-milk cooler in accordance

with the cooling capacity stan-
dards,

c) To calculate the cooling capacity
of a bulk-milk cooler when it is
loaded at different capacities and

d) To experimentally estimate the
convenient volume of milk inside
the bulk cooler.

Materials and Methods

The experimental unit was tested
and calibrated in accordance with
the cooling capacity standards under
different milk loading capacities.
The experimental work was mainly
directed to investigate the influence
of milk volume inside the cooling
tank and the temperature and cool-
ing capacity of the bulk cooler for
both every day and every other day
milk collection experiments.

Experimental Unit (Bulk-Milk
Cooler):

The bulk-milk cooler was lo-
cated in a special room, namely
milkroom, which was beside the
electronic milking system where
milk was cooled after the milking
process. Inside the electronic milk-
er, there were four milking units.
After finishing the milking process,
the milk was expulsed from the
electronic milker to the bulk cooler
and pushed it in the form of suc-
cessive ones by means of a special
pump and a group of pipelines. The
bulk-milk cooler consisted of three
principal components: milk cooling
tank, refrigeration unit and milk
discharge (emptying) pump. The
internal, external and cover of the
cooling tank were made of stainless
steel. To avoid the heat dissipation
through the cooling tank, there was
insulated material between internal
and external surfaces. The cooling
tank was supplied with an agitator
for maintaining the physical char-
acteristics of milk during the cool-
ing process. The milk cooling tank
was provided with a volumetric
meter to measure the milk volume
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expressed in liters. Also, there was
a specific system for controlling
and measuring milk temperature in
terms of centigrade degrees. This
system contained a thermostat and
digital thermometer (Model: WS-
TE92). The cooling unit has direct
refrigeration for the milk cooling
tank. With the direct refrigeration
type, the evaporator was installed at
the bottom and in part of the sides
of the cooling tank. In this way the
milk came in direct contact with the
evaporator and direct heat transfer
was created from the milk to the
cold source. The unique function of
the emptying pump was to deliver
milk from the bulk cooler to the col-
lection vehicle with the purpose of
marketing. The technical specifica-
tions of bulk-milk cooler are listed
in Table 1. A geometrical drawing
of it is depicted in Fig. 1.

Experimental Design:

Tests were divided into two main
groups of experiments: the first
group of experiments was con-
cerned with studying the behavior
of the bulk-milk cooler when it was
implemented under every day milk
collection. The every day collection
experiments were classified into
two different loading capacities.
The first milk loading of the bulk-
milk cooler was achieved when it

Table 1 Technical specifications of
the used bulk-milk cooler

Indices Model and value
Type Direct refrigeration
(DX/OC)

Cooling tank | 1,600 liters (1.6 m®)
capacity

Cooling tank | AD-2002 + 50610
No.

Condensing | PRB/1/H8/521A

unit type

Refrigerant | R404

Charge 2.5kg

Electrical 200kW-3p (400V-50Hz2)
input

Designer The Netherlands
Manufacturer | Poland

Manufacture | 2000 AD

year

was loaded to 50 % of its capacity.
The second milk loading was ac-
complished when it was loaded to
100 % of its capacity (full tank).
The second group of experiments
was involved to investigate the cool-
ing behavior of milk under every
other day collection conditions. In
the same way, the every other day
collection experiments were classi-
fied into the first and second milk
loading of the bulk cooler. The bulk-
milk cooler was loaded to 25 and 50
% of its capacity to indicate both the
first and second milk loading, re-
spectively. The obtained experimen-
tal results of every day and every
other day collection were compared
with the cooling capacity standards.
The convenient capacity of the bulk-
milk cooler was estimated. Also, the
cooling capacity of the bulk-milk
cooler was calculated at different
milk loading capacities.

The Technique:

The investigation comprised two
essential systems; namely, every
day and every other day collection

of milk for the bulk cooler. The

technique used for cooling milk was

done as follows:

1. Air temperature of the milkroom
space was measured and the mean
value was of 304.42 + 275 K.

2. Before loading milk into bulk
cooler, air temperature of the
cooling tank was recorded for ev-
ery day and every other day milk
collection experiments.

3. At the first milk loading to the
bulk cooler, the following succes-
sive steps were done:

a) After bringing the first quantity
of milk to bulk cooler, refrig-
eration was turned on automati-
cally and agitator was started
and kept going until milking
was completed and milk cooled
to at least 277.4 K.

b) Quantities of milk were with-
drawn from the electronic milk-
ing system to the bulk cooler
every 0.1 h. Milk volume was
0.044 m?® and 0.022 m® for every
day and every other day milk
collection experiments, respec-
tively.

Fig. 1 A geometrical drawing of the bulk-milk cooler
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c) Total milk loadings into the
cooling tank, within loading
time, was eighteen for filling
the bulk-milk cooler to 50 % of
capacity for every day milk col-
lection. For every other day, the
bulk-milk cooler was filled to
25 % of its capacity.

d) Milk temperature was mea-
sured every 0.1 h throughout
loading and storage time of
the cooling tank, i.e., from the
beginning of loading milk to
bulk cooler until milk was in-
side the cooling tank and the
temperature for safe storage had
reached 277.4 K.

4. At the second milk loading of the
bulk cooler, the steps which were
followed during the operation of
bulk-milk cooler at first milk load-
ing were repeated. But at the end
of milk loading, the bulk cooler
was filled to approximately 100
and 50 % of its capacity for every
day and every other day milk col-
lection experiments, respectively.

Measurements:

1. A volumetric meter was used to
measure milk volume inside the
bulk-milk cooler in liters that
could be easily converted to cubic
meters. Milk temperature was
measured by using a digital ther-
mometer that gave temperature in
centigrade degrees that could be
converted to absolute Kelvin.

2. For accounting of the suitable
and safe milk volume inside bulk-
milk cooler at the second loading
(100 %) for every day milk collec-
tion, the Arithmetic Interpolation
Method was used to fulfill the
task.

3. Cooling capacity of the bulk-milk
cooler was determined by the fol-
lowing formula:
CC=[VxpxCy(L—-T)]/t

where;

CC: cooling capacity of bulk-milk
cooler, kJ/h;

V- milk volume inside bulk-milk
cooler, m3;
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p- milk density (1,032), kg/mé;

C,: milk specific heat (3.940), kJ/
kg.K;

71: milk temperature at any load-
ing time, K;

T,: milk temperature at the time
which gives the temperature of
safe storage (277.4), K and

t: cooling hours or the time
through which temperature of
milk reaches 7, h.

Finally, concerning the statistical
procedures, a multiple regression
analysis was made to represent the
data in linear form. Every developed
equation was limited to the range
of application. The relationship be-
tween cooling capacity of the bulk-
milk cooler as a dependent variable
and milk volume, milk temperature
and milk loading time as indepen-

dent variables was developed for
every day and every other day milk
collection conditions.

Results and Discussion

Every Day Milk Collection Ex-
periments:

For the first milk loading, the bulk
cooler was loaded to 50 % capacity,
as outlined in Fig. 2 and listed in
Table 2. The volume and tempera-
ture with the loading and storage
time is depicted in Fig. 2. At the ini-
tiation of the milk cooling process
and before starting the first milk
loading, the internal temperature of
bulk cooler was of 302.6 K at zero
time. After passing 0.1 h, milk vol-
ume inside bulk cooler was of 0.044

Fig. 2 Evolution of milk volume inside bulk cooler and its corresponding temperature
with the loading and storage time for every day-milk collecting experiments
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Table 2 Specifications of the bulk-milk cooler designed for every day collection
during the first milk loading (50 % from cooler capacity)

Number of . Milk volume, Milk Cooling
loading times Time, h m3 temperature, K St;ﬁg:%g K
1 0.1 0.044 302.9 -

2 0.2 0.088 303.2 -

18 18 0.800 288.6 -

- 2.5 0.800 282.5 -

- 2.8 0.800 280.0 <283.0

- 3.2 0.800 2774 -
- 3.8 0.800 2713 <2774

Table 3 Specifications of bulk-milk cooler designed for every day collection
during the second milk loading (100 % from cooler capacity)

Number of : Milk volume, Milk Cooling
loading times Time, h m? temperature, K St;ﬁg:%g K
1 0.1 0.844 277.3 -

2 0.2 0.888 279.6 -

18 18 1.600 286.8 <283.0

- 2.8 1.600 280.7 -
- 3.8 1.600 2774 -

m3 and its corresponding tempera-
ture was of 302.9 K. At the second
loading, 0.2 h, milk volume inside
bulk cooler increased from 0.044
to 0.088 m® (by 100 %) and its tem-
perature raised from 302.9 to 303.2
K (by 0.1 %). The small percentage
increase in milk temperature may
have been because the bulk cooler
was still in the beginning of its
switching on (operation). In 1.8 h,
the bulk cooler was approximately
50 % filled with milk (0.8 m?) and
the temperature was of 288.6 K.
When milk volume was constant at
0.8 m® and at 2.8 h (one hour from
completion of milk loading), milk
temperature had decreased from
288.6 to 280 K (by 2.98 %). Accord-
ingly, in one more hour (at 3.8 h and
within two hours from completion
of milk loading) at constant milk
volume of 0.8 m3, milk tempera-
ture was lowered from 280 to 277.3
K (by 0.96 %). From the previous
discussion, it was obvious that the
results for the cooling capacity stan-
dards of the bulk cooler for every
day milk collection experiments
and the required milk temperature
was achieved successfully under the

conditions of every day collection
through the first loading of the bulk
cooler.

The second milk loading for ev-
ery day collecting experiments (oc-
cupying approximately 100 % from
cooler capacity), is outlined in Fig.
2 and listed in Table 3. As well as,
The progression of milk volume and
the corresponding temperature with
loading and storage time is depicted
in Fig. 2. Before starting the second
milk loading, milk volume inside
bulk cooler was 0.8 m® and the tem-
perature was of 277.3 K. Similarly,
within 0.1 h, milk volume was of
0.844 m3 and the temperature was
still constant at 277.3 K. Within 1.8
h, from the initiation of the second
milk loading, milk volume inside
bulk cooler was approximately of
100 % from its capacity (1.6 m®) and
its temperature had reached 286.8
K. This increase in milk tempera-
ture was logical and normal because
of loading fresh milk to bulk cooler.
From the above-mentioned results,
it was clear that these results were
not in accord with the cooling ca-
pacity standards for every day milk
collecting experiments under the

second loading conditions and the
required temperature of milk (<
283K) was not achieved through the
second loading of the bulk cooler.
The increase in milk temperature
over 283 K was referring to the in-
crease of milk volume inside bulk
cooler to 100 % of its capacity.
Therefore, there was an urgent need
to conduct and suggest the condi-
tion of every other day milk collec-
tion experiments. At the same time,
milk volume inside the bulk cooler
should be minimized and a suitable
capacity of bulk cooler be estimated
to be in accord with the condition of
cooling capacity standards for every
day milk collecting experiments.

Every other Day Milk Collection
Experiments:

The first milk loading of the bulk
cooler filled it to 25 % of its capac-
ity as depicted in Fig. 3 and listed
in Table 4. The progression of milk
volume in the bulk cooler and the
corresponding temperature with
loading and storage time is outlined
in Fig. 3. The initial (before load-
ing) temperature inside the bulk
cooler was of 300 K. After 0.1 h
from the start of milk loading, the
volume inside the bulk cooler was
of 0.022 m® and its temperature was
of 300.4 K. After 0.2 h, milk vol-
ume increased to 0.044 m? (by 100
%) and the temperature increased to
301.5 K (by 0.37 %). the bulk cooler
was still in the beginning of its
operation (switching on) when this
slight increase in milk temperature
occurred. Within 1.8 h from the ini-
tiation of milk loading (at the end of
first milk loading), milk volume was
of 0.4 m® (approximately 25 % of
cooler capacity) and the temperature
was of 284 K. With a constant milk
volume of 0.4 m® during the period
from 1.8 to 2.8 h (within one hour
from the beginning of storage time
after finishing the loading time), the
milk temperature lowered from 284
to 276.9 K (by 2.5 %). In the next
hour (at 3.8 h) (within two hours
from the beginning of storage time),
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Table 4 Specifications of the bulk-milk cooler designed for every other day collection

during the first milk loading (25% of cooler capacity)

Number of . Milk volume, Milk Cooling
loading times Time, h m?3 temperature, K st;r?é):%ts),/ K
1 0.1 0.022 300.4 -

2 0.2 0.044 301.5 -

18 18 0.400 284.0 -

- 19 0.400 282.9 -

- 2.3 0.400 2774 -

- 2.8 0.400 276.9 <283.0
- 3.8 0.400 277.4 <2774

Table 5 Specifications of bulk-milk cooler designed for every other day collection
during the second milk loading (50% of cooler capacity)

Number of . Milk volume, Milk Cooling
loading times Time, h m3 temperature, K stz;:r?g:%ts),/ K
1 0.1 0.422 2779 -

2 0.2 0.444 278.1 -

18 18 0.800 281.9 <283.0

- 2.6 0.800 2714 -

Fig. 3 Evolution of milk volume inside bulk cooler and its corresponding temperature

with the loading and storage time for every othe day-milk collecting experiments
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with no change in milk volume,
the milk temperature increased to
277.4 K. From the previous results,
it was obvious that the required
temperature of milk inside the bulk
cooler was successfully achieved at
the first loading by filling it to 25
% of its capacity with milk. This
confirmed and, hence, satisfied
the conditions of cooling capacity
standards. Additionally, when the
bulk cooler was filled to 25 % of its
capacity, milk temperature reached
277.4 K after only 0.5 h of storage
time. Therefore, there was no need
to spend two hours to get 277.4 K
milk temperature. The increase in
cooling efficiency of the bulk cooler
was mainly due to the small capac-
ity of milk inside bulk cooler.

The second milk loading is de-
picted in Fig. 3 when the bulk cooler
was filled to 50 % capacity. Loading
of milk into the bulk cooler and the
corresponding temperature with the
loading and storage time is outlined
in Fig. 3 and listed in Table 5. At
the beginning of the second loading,
milk volume was of 0.4 m® and its
temperature was 277.4 K. Within
the first 0.1 h after loading, milk
volume was of 0.422 m?® (increased
by 5.5 %) with a temperature was
of 277.9 K (raised by 0.18 %). At
0.2 h, milk volume increased from
0.422 to 0.444 m® (by 5.21 %) and
the temperature increased to 278.1
K (by 0.07 %). The increase in milk
temperature by such a small percent
was expected due to loading the
bulk cooler with fresh milk. After
1.8 h, milk volume reached 0.8 m®
(approximately 50 % of cooler ca-
pacity) and temperature reached
281.9 K (the desired temperature for
safe storage of milk for marketing
or processing). The results before-
hand accorded with the condition of
second loading for cooling capac-
ity standards (when filling the bulk
cooler with milk to 50 % of its ca-
pacity and milk temperature should
not exceed 283 K).

It was very necessary to reveal
that milk temperature was dramati-
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cally increased during the second
milk loading and as long as milk
was added continually to the bulk
cooler. Conversely, when loading
time was finished, the milk temper-
ature began to decrease gradually
until it reached the recommended
level for safe storage. For example,
during the second milk loading,
milk temperature increased from
277.3 to 286.8 K (by 3.43 %) and
from 277.9 to 281.9 K (by 1.44 %)
for both every day and every other
day milk collection experiments,
respectively. On the other hand,
during the first milk loading and
within loading time, milk tempera-
ture reduced from 302.9 to 288.6 K
(by 4.72 %) and from 300.4 to 284
K (by 5.46 %) for both every day
and every other day milk collection
experiments, respectively (see Fig.

2 and 3).

Cooling Capacity of the Bulk-Milk
Cooler:

For selecting and suggesting
the optimum conditions to collect
milk inside the bulk cooler, cooling
capacity was estimated at the first
and second milk loading for both
every and every other day collection
experiments. As listed in Table 6
and outlined in Fig. 4, the values of
cooling capacity were dramatically
increased with the loading time for
both every day and every other day
collection experiments. For every
day milk collection experiments, the
values of cooling capacity ranged
from 1.487 to 26.020 MJ/h and from
0.093 to 30.574 MJ/h at the first and
second milk loading, respectively,
as time from loading elapsed from

Fig. 3 Variation of cooling capaciies of bulk-milk cooler with the loading time
for both every and every othe day-milk collecting experiments
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0.1 to 1.8 h. On the other hand, for
every other day milk collection ex-
periments, the values of cooling ca-
pacity ranged from 0.945 to 21.467
MJ/h and from 0.344 to 18.296 MJ/h
at the first and second milk loading,
respectively, as time elapsed from
0.1 to 1.8 h. In general, the values
of cooling capacity for every day
milk collection experiments were
higher than that for every other day.
This was attributed to the increase
of milk loading to the bulk cooler
when it was loaded to 50 and 100 %
of its capacity.

For every day milk collection ex-
periments, at the first milk loading,
when milk volume was constant at
0.8 m® and its temperature ranged
from 288.6 to 277.4 K, cooling ca-
pacity of the bulk cooler was 26.020
MJ/h, while the storage time elapsed
from 1.8 to 3.2 h. In the same man-
ner, cooling capacity of the bulk
cooler was 30.574 MJ/h at constant
milk volume of 1.6 m*® while milk
temperature ranged from 286.8 to
277.4 K and elapsed storage time
ranged from 1.8 to 3.8 h. As listed in
table 6, there was an increased per-
centage of cooling capacity during
the second milk loading by 17.51 %
as compared to the first one. The in-
crease of cooling capacity was due
to the increase of milk volume in-
side the bulk cooler, which had been
taking place during the second load-
ing for every day milk collection.
For every other day milk collection,
and at a constant milk volume of
0.4 m® during the first milk loading,
cooling capacity of the bulk cooler
was of 21.467 MJ/h, while milk tem-
perature ranged from 284 to 277.4 K
and elapsing storage time from 1.8
to 2.3 h. Similarly, cooling capacity
was determined during the second
milk loading and was 18.296 MJ/h
when milk volume was constant at
0.8 m? and milk temperature ranged
from 281.9 to 277.4 K. Simultane-
ously, the storage time elapsed from
1.8 to 2.6 h. As indicated in table
6, cooling capacity was reduced by
14.77 %. This reduction might have
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the constants of this multiplicative
model were determined by perform-
ing multiple linear regression analy-
sis. The multiplicative model had
the following form:

CcC = a, + blt + b2T+ b3V ........ (2)

where

CC cooling capacity of bulk-
milk cooler, MJ/h;

t milk loading time, h;

T milk temperature, K;

\% milk volume, m3;

o Y-intercept and

b;, b, and b; regression coeffi-
cients.

The accuracy of the relationships
was measured by the coefficients
of multiple determination (R?). The
coefficients of determination were
greater than 0.964 in most cases
(Table 8). In practice, the use of the
previous relationships can be ap-

1. The applied recommendations
for operating the bulk-milk cooler
can be concluded in the following
Table 9.

2. For every day milk collection
experiments, the bulk milk cooler
capacity should not exceed 80.38
% (1.286 m®) of milk to maintain
milk temperature at the recom-
mended level for safe storage and
marketing.

3. During the second milk loading,
milk temperature was increased
by 3.43 and 1.44 % for both every
day and every other day milk col-
lection experiments, respectively.
Conversely, during the first milk
loading, milk temperature was
reduced by 4.72 and 5.46 % for

both every day and every other
day milk collection experiments,
respectively.
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Development in a Small Prototype Gin Stand for

Egyptian Cotton

=\ by
- ;}"f ' Abd El-Hameed
Abstract

This research developed and
evaluated the performance of a
small prototype machine for gin-
ning Egyptian cotton in a labora-
tory. This machine helped techni-
cians and scholars study the effect
of experimental parameters on fiber
cotton quality properties. The inde-
pendent variables in this study were:
four values of rotation at speeds
of 0.79 m/s (60 rpm), 1.18 m/s (90
rpm), 1.60 m/s (120 rpm), and 2.00
m/s (180 rpm). The three values of
feeding rate were 8 kg/h, 10 kg/
h, 12 kg/h and the three values of
clearance between two drums were
3, 4 and 5 mm. Evaluation param-
eters were: gin stand productivity,
lint turnout, seed wastage mass, gin
lint losses and ginning efficiency.
Also, energy requirement and total
cost of production were determined.
A comparative study between the
developed prototype gin machine
and the conventional McCarthy roll-
er gin was made by evaluating fiber
properties. The results for developed
gin stand performance found that a
maximum of ginning efficiency, gin
stand capacity, lint turn out percent-
age were 81.28 %, 6.87 kg, and 43.1
%, respectively. Also, the maximum
seed wastage mass was 4.211 kg and
minimum gin lint losses percentage

S. E. Bader

was 3.5 % with a minimum energy
requirement of 154.26 kWh/Mg. On
the other hand, minimum total oper-
ation cost was 231.40 LE/Mg while
minimum criterion function cost
was 364.10 LE/Mg. Generally, the
new developed prototype machine
was influenced by all independent
variables. Recently, a comparative
study between the developed gin
stand and the conventional McCa-
rthy gin roller on the physical fiber
quality properties found that the gin
stand developed was considered the
best for ginning Egyptian seed cot-
ton samples.

Introduction

Cotton is the most important fi-
ber crop in the world as well as in
Egypt. But this plant is exposed to
many pests, so the country spends
millions of pounds to increase pro-
duction by helping the technicians
control the pests. These pests can
annihilate all crops if it not con-
trolled. Also, they can reduce fibers
and seed quality.

Anthony and Wesley (1979) deter-
mined the effects of individual pro-
cessing machines and combinations
on lint quality and their electric
consumption. Of the 14 machine
combinations investigated, the treat-

A. E. Elyamani

Agricultural Engineering Res. Institute,Agric. Research Center,
Dokki, Giza, EGYPT
Samykhadr@yahoo.com

ment that included 2 tower driers,
a cylinder cleaner, stick machine,
impact cleaner, gin stand and 2
stages of lint cleaning produced the
highest classer’s grade, the lowest
trash content and lint turnout from
both the high and low moisture
content seed cotton samples. Treat-
ments which included only the gin
stand and one lint cleaner produced
classer’s grades among the high-
est and lint trash contents among
the lowest. Lint turnouts for these
treatments ranked in the interme-
diate range. About 55-60 % of the
total energy required by maximum
machine processing was consumed
by the fans and separators. The
lower moisture cotton consumed
20-40 % more electric energy/kg of
seed cotton processed. Hossam el-
din (1978) and Eweida et al. (1984)
found that the feeding rate of seed
cotton to gin-stand significantly af-
fected capacity, ginning time and
non-lint content. Hughs et al. (1983)
found that the total nonlint content
of the cotton fiber and most quality
factors measured for the cotton lint
processed through the experimental
gin-cleaner were generally as good
if not better than the same quality
factors for lint processed through
standard cleaning equipment. An-
thony (1985) discussed the different
features of a ginning machine, the
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controls and the maintenance which,
along with the humidity, have an
effect in limiting the deterioration
of cottonseed and cotton fiber qual-
ity (percentage of short fiber and
presence of foreign material and
seed husk debris). Results quoted
were from tests at the Cotton Gin-
ning Laboratory. Anthony (1989)
reported that processing cotton at
the gin to minimize machinery us-
age and maximize monetary returns
required a thorough understanding
of the performance characteristics
of individual machines. A database
involving multiple moisture, trash,
machine and cotton levels was
developed for all routine and labo-
ratory fiber properties before and
after various gin processes. Ranges
of these variables were representa-
tive of the minimum and maximum
levels normally found in spindle-
harvested cotton. The database
was suitable for multiple regression
analyses and development of predic-
tion equations based on the perfor-
mance characteristics of individual
and combinations of machines.
Rafig-Chaudhry (1997) found that
about 85 % of total cotton in the
world is ginned on saw gins. Most
countries have either large scale saw
ginning or roller ginning, although
small scale roller ginning does exist
in some countries. Among the major
cotton producing countries of the
world, India and Turkey are the only
countries where saw ginning and
roller ginning are popular. Ginning

is most expensive in Spain followed
by Argentina, Zimbabwe, Australia
and Colombia. Ginning is heavily
subsidized in China (mainland).
Mangialardi and Anthony (2000)
found that, cotton (Gossypium
hirsutum L.) fibers are cleaned at
gins with saw-type lint cleaners to
improve the market value, but the
aggressive saws sometimes harm
the quality of the fiber. The clean-
ing efficiency of one saw-type lint
cleaner averaged 54 %, and the ef-
ficiencies of seed cotton cleaners
used as lint cleaners ranged from 9
to 16 %. There was a significant im-
provement in the classer’s leaf grade
designations when lint was cleaned
with each of the seed cotton-type
cleaners. Staple lengths tended to
be shorter after cleaning with saw-
type cleaners. A modified non-saw
cleaner appears practical and could
help preserve fiber quality at cotton
gins.

Patil et al. (2006) found that the
foot operated gin and the Lilliput
gin have a ginning output capacity
of 0.311 and 2.111 kg lint/h, respec-
tively. The 2.5 % span length and
uniformity ratio remained practi-
cally the same for hand ginning,
foot operated gin and the Lilliput
gin. So, the foot operated gin was
much more suitable for farmers
because it was economical and aux-
iliary power was not required for its
operation. The Lilliput gin was the
most popular amongst the cotton
breeders, traders and seed indus-

Fig. 1 Schematic diagram of the developed gin stand
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tries. Whitelock et al. (2007) stated
that most gins use one or two cyl-
inder cleaners and an air-type lint
cleaner for lint cleaning. The trend
in roller ginning today has been to-
ward aggressive seed-cotton clean-
ing and gentle lint cleaning to limit
fiber damage. The aim of the present
study was to develop and evaluate
a simple prototype machine to gin
Egyptian cotton in the laboratory to
help technicians and scholars study
the effect of any treatments during
operation on fiber cotton quality
properties.

Materials and Methods

The developed gin stand was de-
signed to be used as a ginning sys-
tem for mechanical harvested seed
cotton to study the effect of engi-
neering parameters of the gin stand
like the effects of values of rotation
drum speed, values of feed rate, val-
ues of clearance between two drums
and values of inclination angle of
drums with the horizontal axis to
estimate the optimum conditions for
operation. Another objective was to
estimate energy requirements and
operating cost essential for opera-
tion and compare its performance
with the conventional McCarthy
roller gin to determine the machine
effects of two different gin stands
on physical fiber properties.

The Developed Gin Stand

A prototype reciprocating-knife
gin having a roller length of 70 cm
was made. The adjustment of mov-
ing parts was set according to the
conventional settings, which were
usually followed with respect to
each variety and grade. The power
source of the machine was electric-
ity (0.36 kW). The input power was
controlled by a potentiometer to ad-
just the operating speed. The speeds
of different moving parts of the gin
stand were fixed and measured by
a speedometer. The developed gin
machine was fabricated and cali-
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brated in private local workshops
at Sofia village, El-Sharkeia Gov-
ernorate. Fig. 1 shows a schematic
diagram of the developed gin stand.
The main components of the devel-
oped gin machine were as follows:

1. Rolls: were made from wood
covered by natural leather. The gin
stand had two rolls used for separat-
ing cotton fibers and seeds. Ginned
cotton fibres were carried onward in
the direction of the leather roller; a
stripping board stripped the fibres
from the leather roller and the emp-
tied seeds were thrown into the grid
through which they passed into a
suitable receptacle. The dimensions:
length 700 mm, drum diameter 125
mm and machine weight 65 kg.

2. Moving knife and stationary
knife: the knife serves three pur-
poses

a) help guide (with the roller) seed

cotton to the ginning point;

b) remove seed away from the

ginning point; and

C) remove any seed cotton not able

to be ginned (carryover).

3. Fly wheel: Made from iron
with diameter 380 mm. This diam-
eter is kept on the balanced of ma-
chine.

The Conventional McCarthy Gin

Roller

The physical fiber quality param-
eters of the developed machine were
compared with the conventional
McCarthy gin roller (Fig. 2), rota-
tional speed (950 rpm) to evaluate
the machine effects. It had the fol-

lowing component parts of

a) parts for the separation of
the fiber from the seed: these
included fixed knife, moving
knife and roller. These were
called the main parts of the gin
stand.

b) Parts assistance to parts of the
separation of the fiber from the
seed: they include pusher board,
seed grid and doffer.

c) Parts of transmission: these in-
cluded crank shaft, employment
pulley, unemployment pulley
and the transfer of traffic pul-
leys.

d) Complementary parts like the
fund fiber, in addition to the
structure gin stand which con-
sisted of the thighs.

Treatments:

Four values of rotational (speed)
were 0.79 m/s (60 rpm), 1.18 m/s (90
rpm), 1.60 m/s (120 rpm), and 2.00
m/s (180 rpm). Three values of feed-
ing rate were 8 kg/h, 10 kg/h, 12
kg/h and three values of clearance
between two drums were 3, 4 and 5
mm. The following measurements
were carried out to investigate the
effect of previously mentioned
parameters on the machine perfor-
mance.

1. Machine Productivity

The machine productivity (Q) was
calculated by using the following
formula:

Machine productivity, kg /h =

[(Mass of input cotton, kg) /
(The time consummation for

ginning, h)J .....ccccovcvvncennnnn, @)

Fig. 2 Cross section of the conventional McCarthy gin roller (A)
and the main parts of gin stand (B)

PUSHER
CRANK

MOVING KNIFE—~"
JR HACKER BLADE

CRANK LEGS =+f--

FIXED OR
DOCTOR KNIFE

MOVING KNIFE-
GINNING ROLLER

2. Ginning out turn
The percentage of ginning turnout
was determined by using the follow-
ing formula
Ginning out turn, % = [(Lint
mass, kg) / (Seed cotton mass,
KG)] woviveeiiiaeiiseiee e )
3. Gin lint losses
Total weight of ginned lint losses
was determined by using the follow-
ing formula
Gin lint losses, kg = (Weight of
sample before ginning, kg) —
[(lint productivity, kg/h) + (seed
wastage mas, kg)J ........c........ 3)
4. Ginning efficiency
The percentage of ginning effi-
ciency was determined by using the
following formula
Ginning efficiency, % = [(Seed
cotton mass before ginning, kg)
— (Seed wastage mass, kg)] /
(Seed cotton mass before gin-
RING, KZ) oo @
Where, seed wastage mass is seed
cotton mass without ginning.
5. Energy requirement
The required power was calcu-
lated according to the following for-
mula (Gustafson, 1980):
The consumed energy, (kWh/ Mg)
= [Total power consumption
(kW) / Machine productivity

(MG/H)] oo (5)
Where:
Total required power, kW =21V
Cos 0 /1000 ........cccccovvneninins 6)

I = Electric current, ampere;
V = Electric potential, voltage
(220 V);
cos e = Power factor (being
equal 0.486)
V2 = Coefficient current two
phases (being equal 1.4).
The human energy was calculated
with the following equation:
Human energy = [Manpower, kW
/ Manual productivity, Mg / hj..

The manpower was computed by
assuming that one normal laborer
supplied 0.0748 kW according to
(Ezeike, 1987) cited by (Matouk et
al., 1999).
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6. Operational cost of the unit
The total cost was determined
by using the following equation
(Awady, 1978)
C=ph(la+i+t2+r + (Ec

X Ep) + m/144 ..o, ©)
Where:

h = Yearly working hours h/
year

¢ = Operation hourly cost, LE/
h.

Ep = Electricity price, (EL/
kW.h)

p = Price of machine, LE

r = Overheads and indirect cost
ratio

Ec = Electricity energy con-
sumption, (KW/h)

m = Monthly average wage, LE

a = Life expectancy of the ma-
chine, h

t = Taxes ratio

i = Interest rate/year.

144 = The estimated monthly
working hours, h/month.

Also,

Unit operating cos t, LE / Mg =
[Pr ototype cos t (LE / h) / Pr
oductivity (Mg / h)] .............. 9

Criterion Function Cost, LE/Mg
= unit operating cost, LE/Mg +
Losses cost, LE/Mg ............. (10)

Losses cost, LE/Mg = value of lint
wastage + fewness in cotton
seed price according to reduc-
ing seed damaged................ (11)

7. The physical fiber quality prop-
erties

The physical fiber properties were
determined at the fiber testing labo-
ratory, CRI, ARC, Giza. As follows:

A Fiber length: The digital fibro-
graph model 630 was used to deter-
mine 2.5 and 5 % span fiber length
according to May and Bridges,
(1995).

B Uniformity ratio: Determined
by using the following formula
while it had 2 cm diameter round
holes with saw drum concaves

Uniformity ratio, % = [50 % span
fiber length / 2.5 % span fiber
length] * 100........cccccuoune.. (12)

and was expressed on uniformity
quantity between short and long fi-

ber length.

C Lint Color: HVI1 9000 accord-
ing to ASTM (D-1684-96) estimated
lint color (reflectance Rd, % and
yellowness +b)

D Fiber strength and elongation:
Measured by using the stelom-
eter instrument at the fiber testing
laboratory, CRI, ARC according
to (ASTM, designated D-1445-75,
1984). This instrument gave elonga-
tion readings and cotton strength
can be determined by using the fol-
lowing formula:

¢ = Operation hourly cost, LE/
h.

h = Yearly working hours h/
year

p = Price of machine, L.E.

Ep = Electricity price, (EL/
kW.h)

Ec = Electricity energy con-
sumption ,(kW/h)

r = Overheads and indirect cost
ratio

a = Life expectancy of the ma-
chine, h

m = Monthly average wage, LE

i = Interest rate/year.

t = Taxes ratio

144 = The estimated monthly
working hours, h/month.

(Strength for length unit, g/tex) =

[(Cutting mass, kg *x 1.5) / Mass
of sample, mlg] x 100......... (13)

Results and Discussion

Primordial Test:

The primary experiment was car-
ried out during the 2009 season with
seed cotton variety Giza 89 with
using the conventional McCarthy
gin roller, to determine the effect of
some independent variables such as
drum speed, feed rate and clearance
between drums on gin stand perfor-
mance. Table 1 shows the average
of the conventional McCarthy gin
roller processing data. This study
proved that this machine is not suit-
able for low feed rates and, there-
fore, they do not fit the research
tests as it was designed for produc-

tion only. And, therefore, there was
an urgent need for a model of gin-
ning machine suitable for research
experiments. For this reason, this
has been the subject of the machine
design of the present study.

Performance of the Developed Gin
Stand Machine:

1. Gin stand productivity, kg/h:

Table 2 and Fig. 3 shows the av-
erage gin processing for raw seed
cotton variety Giza 89 usage devel-
opment gin stand machine. The data
illustrate that gin stand productivity
was affected by drum speed, feed
rate and clearance between drums.
Also gin stand productivity was
increased by increasing all of the
drum speeds, feed rate and clear-
ance between drums, whereas, at
constant feed rate and clearance
between drums at 8 kg/h and 3 mm
and increased drum speed from 0.79
m/s to 2.00 m/s, gin stand produc-
tivity increased from 4.09 kg/h to
4.30 kg/h (+5.13 %). While, with in-
creasing feed rate from 8 kg/h to 12
kg/h at constancy drum speed and
clearance between drums at 0.79 m/
s and 3 mm, respectively, gin stand
productivity increased from 4.09
kg/h to 5.98 kg/h (+46.2 %). Also, at
increased clearance between drums
from 3 mm to 5 mm at constant
drum speed and feed rate at 8 kg/h
and 0.79 m/s, gin stand productivity
increased from 4.09 kg/h to 4.19 kg/
h (+2.45 %). From previous results,
feed rate was considered a very
important factor affecting gin stand
productivity. On the other hand, a
maximum gin stands productivity
of 6.87 kg/h was recorded at a drum
speed of 2.00 m/s, feed rate of 12
kg/h and clearance between drums

Table 1 Average of the conventional
McCarthy gin roller processing data

Factor Amount
Lint system ginning 73.8
efficiency, %
Gin turn out, % 28.6
Lint loss, % 4.6
Ginning rate , kg / saw / h 104
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of 5 mm.

2. Lint turn out, %:

Table 2 and Fig. 4 indicate that,
increasing drum speed and clear-
ance between drums led to increase
lint turn out, while increasing feed
rate led to decease lint turn out.
At constant feed rate and clear-
ance between drums of 8 kg/h and
3 mm with increasing drum speed
from 0.79 m/s to 2.00 m/s, lint turn
out increased from 39.4 % to 41.4
% (+5.1 %). On the contrary, at a
feed rate and drum speed of 8 kg/h

and 0.79 m/s, lint turnout increased
from 39.4 % to 40.3 % (+2.28 %). At
drum speed of 0.79 m/s and clear-
ance between drums of 3 mm and
by increasing feed rate from 8 kg/
h to 12 kg/h, lint turn out decreased
from 39.4 % to 38.3 % (2.8 %). The
maximum value of lint turn out was
43.1 % recorded at a drum speed
of 2.00 m/s, feed rate of 8 kg/h and
clearance between drums of 5 mm.

3. Seed wastage mass, kg:

Table 2 and Fig. 5 indicate that,
seed wastage mass tends to increase

with increasing drum speed, feed
rate and clearance between drums.
On the whole, a maximum amount
of seed wastage mass was 4.211
kg at a feed rate of 12 kg/h, drum
speed of 2.00 m/s and clearance be-
tween drums of 5 mm. It was clear
that, a feed rate of 8 kg/h, clear-
ance between drums of 3 mm and
increasing drum speed from 0.79
m/s to 2.00 m/s, seed wastage mass
increased from 1.497 kg to 2.235 kg
(+49.3 %). Also, at a drum speed of
0.79 m/s, clearance between drums

Table 2 Means of performance characteristics of the developed gin stand machine

Feedkin?hrate, Cbleetavzaer;(r:]e dSpeeds of prcc;J:jTJ(S:'{?\?i?y, Lint téjrnout, Seed wastage| Lint (I’osses, Gi.nningu rquir;gﬁgnts,
g drums, mm rum, m/s kg/h % mass, kg % efficiency, % KWh/Mg

8 3 0.79 414 39.8 1.497 6.98 81.28 170.89
118 4.20 40.3 1731 9.15 78.36 181.55

1.60 4.25 40.8 1971 10.03 75.36 188.72

2.00 4.30 414 2.235 10.64 72.06 196.32

4 0.79 4.09 394 1.886 9.21 80.00 167.71

1.18 4.28 411 2.220 9.63 72.25 176.41

1.60 4.33 418 2.410 10.18 69.87 185.16

2.00 441 42.5 2.632 11.25 67.10 191.27

5 0.79 4.19 40.3 2.197 10.91 72.53 163.57

118 4.35 41.8 2.313 12.02 71.08 172.36

1.60 4.40 42.3 2.511 12.59 68.61 182.11

2.00 4.47 431 2.807 13.79 64.91 187.08

10 3 0.79 4.99 384 1931 5.19 80.69 166.44
118 5.20 40.0 2.210 6.99 77.90 170.24

1.60 5.30 40.8 2.320 7.37 76.80 174.35

2.00 5.38 414 2.711 8.08 72.89 181.43

4 0.79 5.10 39.2 2.479 6.88 75.21 162.27

118 5.29 40.2 2.972 6.96 70.28 167.35

1.60 5.42 4.7 3.101 719 68.99 169.23

2.00 5.50 42.3 3.294 8.19 67.06 176.62

5 0.79 5.24 40.3 2.703 8.21 72.97 158.99

118 5.37 41.3 3.120 8.67 68.80 164.36

1.60 5.48 42.2 3.301 9.79 66.99 167.05

2.00 5.59 43.0 3.435 10.60 65.65 171.13

12 3 0.79 5.98 38.3 2.703 3.50 77.47 161.17
118 6.23 39.9 3.110 4.95 74.08 166.46

1.60 6.31 404 3.560 5.76 70.33 170.13

2.00 6.45 40.8 3.722 5.84 68.98 178.25

4 0.79 6.09 38.3 3.190 4.85 73.41 157.12

118 6.33 40.5 3.511 5.24 70.74 162.23

1.60 6.41 411 3.863 5.68 67.81 168.19

2.00 6.56 41.6 3.970 6.50 66.91 172.46

5 0.79 6.31 40.0 3.356 6.05 72.03 154.26

118 6.45 41.3 3.732 6.75 68.90 157.17

1.60 6.53 41.6 3.983 7.28 66.81 164.33

2.00 6.56 42.6 4.211 8.53 64.91 169.17
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of 3 mm and increasing feed rate
from 8 kg/h to 12 kg/h seed wast-
age mass increased from 1.497 kg to
2.703 kg (+80.56 %). Seed wastage
mass increased too from 1.497 kg to
2.197 kg (+46.7 %) at a feed rate of
8 kg/h, drum speed of 0.79 m/s and
increased clearance between drums
from 3 mmto 5 mm.

4. Energy requirement, kWh/Mg:

Table 2 and Fig. 6 show the ef-
fect of drum speed, feed rate and
clearance between drums on energy
requirement. It was observed that
increasing drum speed from 0.79
m/s to 2.00 m/s tended to increase
energy requirements. Increasing
feed rate from 8 kg/h to 12 kg/
h or increasing clearance between
drums from 3 mm to 5 mm led to
decreased energy requirements. A
minimum energy requirement was

Fig. 3 Effect of drum speed, feed rate
and clearance between two drums
on gin stand productivity, kg/h
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154.26 kWh/Mg at drum speed of
0.79 m/s, feed rate of 12 kg/h and
clearance between drums of 3 mm.

5. Ginning efficiency and gin lint
losses percentage

Ginning efficiency and gin lint
losses percentage as related to the
drum speed, feed rate and clear-
ance between drums are shown in
Table 2 and Fig. 7. Increasing drum
speed, feed rate and clearance be-
tween drums led to decreased gin-
ning efficiency at all experimental
points. Also, increasing drum speed
and clearance between drums led to
increasing gin lint losses percent-
age and increasing feed rate led to
decreased percentage gin lint losses.
Through the intersection of curves
of ginning efficiency an estimate of
the proportion of lint losses can be
determined and the optimum con-

Fig. 4 Effect of drum speed, feed rate
and clearance between two drums
on lint turn out, %
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ditions for operating the machine,
which, then, will be more efficient
with less ginning percentage or an
acceptable degree of lint losses.
And, through the signing of curves
graphically it will be possible to
identify optimum conditions for op-
erating the machine manufacturered
with drum speed and feed rate and
clearance between the drums. From
previous figures the optimum op-
erating conditions for the gin stand
developed was at a drum speed of
0.79 m/s, feed rate of 10 kg/h and
clearance between drums of 3 mm,
where it produced a high value for
ginning efficiency equal to 80.69 %
and low value of gin lint losses per-
centage equal 5.19 %, respectively.
6. Total production cost and Cri-
terion Function determination:
Table 3 illustrates the effect of

Fig. 5 Effect of drum speed , feed rate
and clearance between two drums
on seed wastage mass, kg
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Table 3 Total production cost and Criterion Function Cost for the developed gin stand

Feed |Clearance Total production cost, Criterion Function Cost,
rate, |between drums, L.E/Mg LE/Mg
kg/h Q;rgeéDnr#;n 3mm 4mm 5mm 3mm 4mm 5mm
8 0.79 388.74  384.06 379.5 599.12  660.84  722.42
1.18 378.57 3715 365.5 657.75 671.80  757.80
1.60 374.10 367.2 361.36 | 683.55 688.27 776.21
2.00 369.76 360.6 355.70 | 699.46 72297 818.57
10 0.79 318.64 311.76  303.40 | 466.97 48253  554.40
1.18 305.77 300.60 28520 | 511.82 509.11  555.00
1.60 300.00 29330 251.98 | 520.77 523.20 562.28
2.00 29550 289.00 234.40 | 538.83 54390 577.63
12 0.79 265.80 261.00 251.90 | 364.10 399.56  433.76
1.18 25520 251.18 246.50 | 398.62 40499  451.68
1.60 25190 248.00 24350 | 41950 41478  466.95
2.00 24650 24230 23140 | 417.66  437.45  494.80

Fig. 6 Effect of drum speed, feed rate and
clearance between two drums on energy

requirements, kWh/ Mg
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drum speed on total production cost
and criterion function cost at dif-
ferent levels of feed rate and clear-
ance between two drums. The total
production cost was decreased with
increasing drum speed, increas-
ing feed rate and with increasing
clearance between two drums. Vice
versa, criterion function was in-
creased at the same previous condi-
tions. On the other hand, criterion
function cost was estimated by total
cost of all of the operating costs and
machine costs in the lint losses and
machine costs in the seed damaged.
A minimum total production cost
was 231.40 LE/Mg recorded at a
drum speed of 2.00 m/s, feed rate
of 12 kg/h and clearance between

Fig. 7 The relationship between drum speed and both ginning efficiency and
gin lint losses percentage at different feed rates and clearance

between two drums. (= = = = ginning efficiency,

% and lint losses, %)
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Table 4 The physical fiber quality parameters at optimum operation conditions

Ginning stand machines

The gin stand

McCarthy gin roller

Fiber quality parameters developed
Span fiber length 2.5 %, mm 311 30.8
Span fiber length 50 %, mm 14.8 141
Uniformity ratio, % 47.6 45.8
Fiber reflectance, % 68.0 66.4
Fiber yellowness, unit 6.1 6.5
Fiber strength, g/tex 29.1 28.0
Fiber elongation, % 6.9 7.3

two drums of 5 mm. A minimum
amount of criterion function cost
was 364.10 LE/Mg recorded at a
drum speed of 0.79 m/s, feed rate of
12 kg/h and clearance between two
drums of 3 mm, respectively.

Effect of Gin Machine Type on
the Physical Fiber Quality Param-
eters:

Table 4 illustrates the physical
properties for fiber quality produced
by the developed gin stand and the
conventional McCarthy gin roller
at optimum operation conditions.
Results show that the developed gin
stand gave a good outcome com-
pared with the conventional Mc-
Carthy gin roller. A high value was
recorded of span fiber length 2.5 %
(mm), span fiber length 50 % (mm),
uniformity ratio (%), fiber reflec-
tance (%) and fiber strength (g/tex).
The conventional McCarthy gin
roller recorded a high value of fiber
yellowness (unit) and fiber elonga-
tion (%).

Therefore, the developed gin stand
was considered the best for ginning
Egyptian seed cotton samples.

Conclusion

It was concluded that:

The developed gin stand capacity
was directly related with increas-
ing drum speed, feed rate and
clearance between drums. Also,
the maximum capacity was 6.87
kg recorded at a drum speed of
2.00 m/s, feed rate of 12 kg/h and
clearance between drums of 5
mm.

Lint turn out percentage was direct-

ly related with increasing drum
speed and increased clearance be-
tween drums, maximum value of
lint turn out was 43.1 % recorded
at a drum speed of 2.00 m/s, feed
rate of 8 kg/h and clearance be-
tween drums of 5 mm.

Seeds wastage mass had a direct
relationship with all independent
variables. Also, the maximum
value of seeds wastage mass was
4.211 kg recorded at a drum speed
of 2.00 m/s, feed rate of 12 kg/h
and clearance between drums of
5 mm. Gin lint losses percentage
was directly related with drum
speed and clearance between
drums and had a reverse relation-
ship with feed rate. Whereas,
the minimum value was 3.5 %
recorded at using drum speed of
0.79 m/s, feed rate of 12 kg/h and
clearance of 3 mm.

The developed gin stand had maxi-
mum value of ginning efficiency
of 81.28 % at a drum speed of 0.79
m/s, feed rate of 8 kg/h and clear-
ance of 3 mm.

Minimum value of energy require-
ment was 154.26 kWh/Mg at a
drum speed of 0.79 m/s, feed rate
of 12 kg/h and clearance of 5 mm.

Minimum total production cost
was 231.40 LE/Mg recorded at a
drum speed of 2.00 m/s, feed rate
of 12 kg/h and clearance of 5 mm.
Minimum Criterion Function Cost
364.10 was LE/Mg with a drum
speed of 0.79 m/s, feed rate of 12
kg/h and clearance of 3 mm.

A comparison study between effects
of the developed gin stand and
McCarthy gin roller on physical
fiber quality parameters illustrate

that the gin developed stand could
be considered the best for ginning
Egyptian seed cotton samples.
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Abstract

The quantitative analysis of ag-
ricultural production systems has
become an important step in the
formulation of agricultural policy.
A number of empirical studies have
attempted to investigate producer
responsiveness to product and input
price changes, to estimate econo-
mies of scale, to assess the rela-
tive efficiency, and to measure the
impact of technological change. In
particular, there has been a consid-
erable amount of theoretical and
applied econometric research on the
measurement of the impact of tech-
nological change. The recent break-
through in rice cultivation known as
direct seeding technology through
TNAU eight rows Improved Direct
Paddy Seeder (popular as Drum
Seeder) is one such case, which may
be considered as potential technol-
ogy. In direct seeding technology,
synergic interaction increases land,
labour and water use efficiency.
Direct seeding technology devi-
ates from the traditional method
of cultivating irrigated paddy in a
number of ways. For instance, 8 kg/

ha of seed is insufficient as against
the usual 70 kg/ha in traditional
method. Keeping this in view the
present study was proposed with the
objectives to: (i) compare and con-
trast the cost and returns of paddy
cultivation in traditional technology
and the new technology of direct
seeding method and (ii) measure-
ment of resource use efficiency
of paddy cultivation in traditional
technology and the new technol-
ogy of direct seeding method. Data
were collected from a representa-
tive sample of 60 growers using 8
row TNAU improved direct paddy
seeder (locally called Drum Seeder)
and 30 growers using manual trans-
planting of paddy in different vil-
lages of Pudukkottai and Tiruchira-
pally districts of Tamil Nadu during
the year 2008-09. The resource use
efficiency was assessed by compar-
ing marginal value product (MVP)
with factor cost of the resources.
The marginal product (MP) was
estimated from the parameters of
multiple linear production function.
The average net returns were Rs.
15,600/ha and Rs. 41,300/ha in tra-
ditional and direct seeding methods

L. P. Gite

of paddy cultivation. The yield rea-
lised in the traditional method was
5.60 tonnes per ha and it was 6.80
tonnes per hectare in direct seeding
method. The cost of cultivation in
the traditional method (Rs. 40,960/
ha) was more when compared to
that in direct seeding method (Rs.
30,102/ha). The estimated produc-
tion functions were significant with
high R? for both the direct seeding
method and traditional methods.
The output elasticity coefficients for
seeds, labour, fertiliser, FYM and
miscellaneous were positive and
statistically significant in both the
methods except seed that was not
found significant in case of tradi-
tional method. There was a structur-
al break up between the two produc-
tion functions. The MVP-MFC ra-
tios in traditional methods indicated
that there was a scope for increased
use of seeds in the short run keeping
the use of other resources at a con-
stant level. This was also true for
fertiliser, FYM and miscellaneous
items including plant protection
chemicals as MVP-MFC ratio for
these resources was also more than
one. On the other hand, the farm-
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ers under the direct seeding method
could maximise their profit by using
more quantities of seeds, fertilis-
ers, FYM and miscellaneous items
including plant protection chemicals
as the MVP-MFC ratio for all these
resources was more than one. It
has also worked out that the major
component of the productivity dif-
ference was due to the difference in
method of cultivation. The findings
of this study demonstrate the supe-
riority of direct seeding technology
in terms of yield and returns advan-
tage. However, it is worth mention-
ing here that the actual adoption
rate of direct seeding technology
among paddy growers is low, which
appears to be a puzzle given the
encouraging performance of the
new technology. These observations
call for enhanced extension services
for popularising the direct seeding
technology. The timely guidance
to the farmers from the extension
agencies and to the persons involved
in the transfer of technology to the
farmers’ field would be an immense
help in this direction.

Introduction

Paddy is the principal crop exten-
sively cultivated in all the districts
of the Tamil Nadu having a unique
three-season pattern viz Kar/Ku-
ruvai /Sornavari (April to July),
Samba/ Thaladi/Pishanam (August
to November) and Navarai/ Kodai
(December to March). In 2008-09,
the area under paddy cultivation in

Fig. 1 A view of Improved Direct Paddy
Seeder in working condition

the state increased to 2.34 lakh hect-
ares as against 2.28 lakh hectares in
2007-08. Besides, the total produc-
tion of paddy and productivity have
also increased in tandem. Though it
is only a marginal increase, it will
create a great impact on the paddy
cultivation of the state. The fallow
land cultivation projects have helped
to create a new wave among the
farmers. Acres of paddy field, which
had been kept barren for decades,
have been brought under cultivation.

The quantitative analysis of ag-
ricultural production systems has
become an important step in the
formulation of agricultural policy.
A number of empirical studies have
attempted to investigate producer
responsiveness to product and input
price changes, to estimate econo-
mies of scale, to assess the rela-
tive efficiency, and to measure the
impact of technological change. In
particular, there has been a consid-
erable amount of theoretical and
applied econometric research on
the measurement of the impact of
technological change. The recent
breakthrough in rice cultivation
known as direct seeding technol-
ogy through Improved Direct Paddy
Seeder (popular as Drum Seeder) is
one such case, which may be con-
sidered as potential technology. In
direct seeding technology, synergic
interaction increases land, labour
and water use efficiency. Direct
seeding technology deviates from
the traditional method of cultivat-
ing irrigated paddy in a number of
ways. For instance, 20 kg/ha of seed

is insufficient as against the usual
70 kg/ha in the traditional method.
Keeping this in view, the present
study was proposed with the objec-
tives to: (i) compare and contrast the
cost and returns of paddy cultiva-
tion in traditional technology and
the new technology of direct seed-
ing method and (ii) measurement
of resource use efficiency of paddy
cultivation in traditional technology
and the new technology of direct
seeding method.

Methodology

The study was based on the input-
output data from sample paddy
growing farmers in Pudukkottai
and Tiruchirapally districts of Tamil
Nadu selected purposively as per
the suggestions of technology in-
novator. Ninety farmers (60 farmers
growing paddy by Drum Seeder
technology and 30 farmers grow-
ing paddy by traditional method/
manual transplanting) spread over
6 villages of selected districts were
interviewed during March 2009.
The data on various inputs used in
paddy cultivation like chemical fer-
tilizers, plant protection chemicals,
seed materials, human labour, and
cultivation practices such as land
preparation, transplanting/sowing,
irrigation, inter-cultivation and har-
vesting along with labour require-
ment for these operations were col-
lected from the sample farmers on
specific proforma developed for the
purpose. A photograph of Improved

Figs. 2 and 3 A view of commercial manufacturing unit M/S KSNM,
Coimbatore (India)
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Direct Paddy Seeder in working
condition at the farmer’s field is
given in Fig. 1.

The Improved Direct Paddy Seed-
er is commercially manufactured
by M/S KSNM, Coimbatore (India)
and a view of manufacturing unit is
given in Figs. 2 and 3.

Analytical Framework

The costs, returns and profits in
traditional and drum seeder meth-
ods of paddy cultivation computed
on per hectare basis were compared.
The cost of human labour was es-
timated in terms of 8 man hours
the women labour days were con-
verted into man-days considering
one women day as being equal to
0.60 man-day based on the prevail-
ing wage rates in the study area.
The costs of bullock and machine
labour both, owned and hired,
were calculated at the prevailing
rates. The costs of farm produced
seeds and farmyard manure (FY M)
were imputed at the market price
in the village including the cost of
transportation and other incidental
charges, if any. The costs of pur-
chased seeds, fertilisers and plant
protection chemicals were calculat-
ed based on the actual expenditure
incurred. The amount fixed by the
government for irrigation and land
revenue was considered for com-
putation of these costs. The rental
value of land was imputed based
on the prevailing rents in the study
area. The short term (9 percent) and
long term (12 percent) bank lend-
ing rates were used to work out the
interest on working and fixed capi-
tal respectively. The depreciation
was calculated by the straight line
method. The charges on account of
minor repairs of implements and
machinery during the year were
added to the depreciation charges.
The interest on fixed capital and de-
preciation were apportioned on the
basis of area of land under each crop
grown during the year. The gross
returns were computed by multiply-
ing the quantity of main product and

by-products with respective prices
received.

The resource use efficiency was
assessed by comparing marginal
value product (MVP) with factor
cost of resources. Decomposition
analysis was used to measure the
contributions of technology and re-
source use differentials to the total
productivity differences between
traditional and drum seeding meth-
ods of paddy cultivation.

Y=A+ b1X1 + bzXz + b3X3 + b4X4

+ bsXs +u

where,

Y = output in quintal/ha,

X; =seed in kg/ha,

X, = human labour in mandays/

ha,

X3 = fertiliser in kg/ha,

X, = farm yard manure in t/ha,

Xs = plant protection chemicals

and miscellaneous in Rs./ha,

u = Error term.

The miscellaneous expenditure in
the model included the expenditure
on bullock, tractor, electric motor,
irrigation charges, land revenue and
rent, interest on working and fixed
capital and depreciation.

By using the subscripts ‘d” and
‘t” respectively to represent pro-
duction functions of drum seeding
and traditional methods of paddy
cultivation, the difference in output
between the drum seeding and tra-
ditional methods of paddy cultiva-
tion may be written as .

(Ya = 1) = (A — 4) + 3, (bdi

Xdi — bti x Xti) .

Adding and subtractinglgl(bdi X
Xti) in the above equation and rear-
ranging the terms yields the follow-
ing decomposition model can get

(Ya = %) = (A~ 4) + £ (bdi -
bti) x Xti + ¥ bdi (Xdi — Xti)

To examine whether the param-
eters of the production functions
defining the two methods of rice
production were different, which
was an essential component of
decomposition analysis, a dummy
variable was introduced into the lin-
ear production function, which was

specified as follows:
Y=A+ b1X1 + b2X2 + b3X3 + b4X4
+bsXs +D +u
Where, Y, X;, X,, X3, X4, X5 and
U are as defined earlier and D =
Dummy variable which takes value
1if it is Drum Seeding method and
value 0 otherwise.

Results and Discussion

Cost and Returns in Traditional
and Direct Seeding Methods

The profitability of direct seeding
method of paddy cultivation in the
study area was analysed by com-
puting per hectare cost and returns
and comparing them with those of
the traditional method. The pattern
of inputs used in both the methods
of paddy cultivation for sample
farmers is presented in Table 1.
The quantities of seed, nitrogen,
phosphorus, potash, plant protec-
tion chemicals, human labour and
bullock labour used in traditional
method of paddy cultivation were
70 kg, 92 kg, 74 kg, 84 kg, 1934 ml,
167.18 man-days and 18 pair-days
respectively, which were larger than
the quantities of 20 kg, 81 kg, 62 kg,
72 kg, 1,022 ml, 127.04 man-days
and 9 pair-days correspondingly in
direct seeding method.

Tractor and electric motor use
were also high in traditional method
as compared to the direct seeding
method. It may be noted that di-
rect seeding method by the Drum
Seeder equipment involves careful
sowing of pre-germinated seed and
1 to 2 inter-cultivation/weeding by
the Cono Weeder. The per hectare
cost of cultivation in traditional
method (Rs. 40,960) was more
when compared to that in direct
seeding method (Rs. 30,102). The
share of human labour cost in total
cost was 40.77 percent in traditional
method and 42.18 percent in direct
seeding method. The contribution
of machine labour (tractor plus
electric motor) total cost was 10.35
percent in the traditional method
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and 9.42 percent in direct seeding
method. Fertilisers were the next
important item of expenditure in
both the methods of paddy cultiva-
tion which worked out to be 7.70
percent and 8.97 percent of total
cost, respectively, in traditional and
direct seeding methods. The amount
spent on farmyard manure (Rs. 859)
was higher in the case of the tradi-
tional method as compared to that
in the direct seeding method (Rs.
804). There was a glaring difference
in the costs incurred on seeds be-
tween the two methods mainly due
to smaller quantity of seeds used in
the direct seeding method. The con-
siderable difference in plant protec-
tion chemicals between traditional
method (Rs. 2,667) and direct seed-

ing method (Rs. 1,170) was due to
the fact that the incidence of pests in
the study area was less in the direct
seeding method.

The majority of paddy growers of
direct seeding method used certi-
fied seed from the market and those
seeds had resistance from pests. The
rental value of land was also a major
item of expenditure contributing
to the fixed cost (14.65 percent and
19.93 percent, respectively, in tradi-
tional and direct seeding methods).
The share of variable cost in the total
cost was 83.13 percent (Rs. 34,048)
in the traditional method and 77.06
percent (Rs. 22,198) in the direct
seeding method. As such, variable
cost was less by about Rs. 10,850
in the direct seeding method when

compared to the traditional method.
The yield realised in the tradi-
tional method was 5.6 tonnes per
hectare, while it was 6.8 tonnes per
ha in the direct seeding method. The
yield difference was mainly because
of more productive tillers per m2
in the direct seeding method. The
growth of more productive tillers in
the direct seeding method was due
to the interculture/weeding by the
Cono weeder that provided suffi-
cient aeration to the root zone of the
paddy plants. The net returns per
hectare was much higher in the di-
rect seeding method (Rs. 41,298) as
compared to the traditional method
(Rs. 17,839). This was mainly due
to higher gross returns (Rs. 71,400)
in the direct seeding method, where

Table 1 Per hectare input and output in traditional and direct seeding methods

Particulars Units Traditional method Direct seeding method
Quantity \ Value Quantity \ Value
A: Variable cost
Seed kg 70 1,540 (3.76) 20 440 (1.46)
Fertilizer
Nitrogen kg 92.00 1007 (2.45) 81.00 886 (2.94)
Phosphorus kg 74.00 1477 (3.60) 62.00 1237 (4.12)
Potash kg 84.00 672 (1.64) 72.00 576 (1.91)
Farmyard Manure tonne 3.45 859 (2.09) 3.23 804 (2.67)
Agro-chemicals ml 1934.00 2667 (6.51) 1,022.00 1,170 (3.89)
Human labour Man-days 167.18 16,700 (40.77) 127.04 12,700 (42.18)
Bullock labour Pair-days 18.00 3,600 (8.80) 9.00 1,800 (5.98)
Machine labour
Tractor hour 8.37 2929 (7.15) 5.20 1820 (6.05)
Electric motor hour 88.00 1,312 (3.20) 68.00 1,016 (3.37)
Interest on working Rs. 1,171 (2.85) 625 (2.08)
capital
lirrigation charges Rs. 113 (0.28) 123 (0.41)
Total variable cost Rs. 34,048 (83.13) 23,198 (77.06)
B Fixed cost
Land revenue Rs. 22 (0.05) 23 (0.08)
Rental value of land Rs. 6,000 (14.65) 6,000 (19.93)
Depreciation Rs. 345 (0.84) 383 (1.27)
Interest on FC Rs. 544 (1.32) 498 (1.65)
Total fixed cost Rs. 6,912 (16.87) 6,904 (22.93)
C: Total cost Rs. 40,960 (100) 30,102 (100)
D: Yield
Main product tonnes 5.6 6.8
By product tonnes 4.43 5.1
E: Gross return Rs. 58,800 71,400
F: Net returns Rs. 17,839 41,298
G: Benefit-Cost Ratio 144 2.37

(Figures in parentheses indicates percentage to total cost)
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paddy yield harvest was more. The
returns per rupee spent in the tradi-
tional method were Rs. 1.44 against
Rs. 2.37 in direct seeding method.
These findings clearly indicated that
the direct seeding method was a
better yielding technology. The dif-
ference in the use of most of the in-
puts between the two methods were
evident. Direct seeding technology
demanded less input as compared
to the traditional method of paddy
cultivation. Therefore, promotion
of direct seeding technology could
result in substantial yield gain and
efficient use of scarce resources. A
view of a paddy crop field sown by
Improved Direct Paddy Seeder is
given in Fig. 4.

Resource Use Efficiency of Paddy
Cultivation

In order to test the difference in
the structural relationship in the
parameters defining the produc-
tion functions for the two methods,
the linear production function with
both intercept and dummy was es-
timated. The estimated production
parameters are presented in Table 2.
The estimated production function
explained 92.9 percent variation in
paddy output due to variation in all
the resources put together showing
a good fit of the model. The coeffi-
cient of the dummy was significant-
ly different from zero. This result
facilitated the rejection of the hy-
pothesis that production parameters
defining the drum seeding method
and the traditional method were the
same. The positive estimates of in-

Fig. 4 A view of paddy crop field sown by

Seeder

Improved Direct Paddy

Table 2 Estimated production functions

Particulars Production elasticity

Pooled \ Traditional \ Drum seeding
Intercept 8.50 (6.706) 13.803" (7.369) 11677 (4.761)
Seed 0.098 (0.127) 0.044 (0.122) 0.832™" (0.298)
Human labour 0.046" (0.026) 0.048" (0.028) 0.067"" (0.040)
Fertiliser 0.093™ (0.018) 0.043" (0.025) 0.072"" (0.024)
Farm yard manure 1.051™ (0.230) 0.519" (0.296) 0.910™ (0.346)
Miscellaneous 0.001™ (0.000) 0.002™ (0.001) 0.001™ (0.000)
Dummy 13.092 (5.421) -
R? 0.929 0.924 0.937
F-value 49.442 27.95 67.415

(Figures in parentheses are standard errors)

* xR

, " and ™" significant at 10, 5 and 1 percent level, respectively.

tercept and dummy coefficients for
all resources implied that the output
in drum seeding method was sig-
nificantly higher than that in the tra-
ditional method for a given level of
resources. They also implied larger
elasticity coefficients of production
with respect to each input under the
drum seeding method compared to
traditional method. This result, as
such, offered the required justifica-
tion for decomposing the factors
contributing to productivity differ-
ence between the drum seeding and
traditional methods of paddy culti-
vation.

For decomposing the productivity
difference between drum seeding
and traditional methods of paddy
cultivation, the parameters of the
per hectare production functions
and the mean levels of input use
for the two methods were essential.
Hence, the production functions for
drum seeding and traditional meth-
ods were also estimated separately.
As much as 92.4 and 93.7 percent
of variation in paddy output, re-
spectively, in traditional and drum
seeding methods was explained by
the independent variables. The coef-
ficients of constant term (intercept)
in both the cases were found signifi-
cant. The production elasticity coef-
ficients of seeds, labour, fertilisers,
FYM and expenditure made on mis-
cellaneous items were positive and
significant in drum seeding method
while all the production coefficients
except seed were found positive and

significant in traditional method.
The output elasticity coefficients of
seed, human labour, fertilizer and
FYM in the case of the drum seed-
ing method were relatively greater
as compared to those for the tradi-
tional method. The paddy output in
the traditional method increased by
0.519 percent and 0.043 percent for
every one percent increase in the
use of FYM and fertilizer. Thus, the
major contribution to output in the
traditional method came from FYM
and fertilizer. In the case of the
drum seeding method, the paddy
output would increase by 0.910 per-
cent, 0.832 percent and 0.072 per-
cent for every one percent increase
in the use of FYM, seed and fertil-
izers. Thus, the major contribution
to output in drum seeding method
came from FYM, seed and fertilis-
ers, Table 2.

To analyse the scope for intensifi-
cation of resources in both methods,
the marginal value product (MVP)
of the resources was compared with
the respective marginal factor costs
(MFC). The MVP and MFC ratios
for different resources for both the
methods are given in Table 3. The
MVP-MFC ratios in traditional
method indicated that there was a
scope for increased used of seeds in
the short run keeping the use of oth-
er resources at a constant level. This
was also true for fertiliser, FYM
and miscellaneous items as MVP-
MFC ratio for these resources was
also more than one. Nevertheless,
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MVP-MFC ratio for labour was less
than one and a positive indicator
that profit could be maximized in
the short run by using less labour.
On the other hand, the farmers un-
der the drum seeding method could
maximize their profit by using more
seed, labour, fertilizer, FYM and
miscellaneous item as the MVP-
MFC ratio for all these resources
was more than one.

Using the decomposition of out-
put difference between the drum
seeding and the traditional method
was decomposed into its constituent
sources and the results are presented
in Table 4.

A perusal of the results of decom-
position analysis revealed that there
was a sizeable discrepancy between
the observed difference (13.40 per-
cent) and the estimated difference
(15.63 percent) in the productivity
of drum seeding and traditional
method. It can further be inferred
that between technological and in-
put use differentials, which together

Table 4 Decomposition of output
difference between the drum seeding
and the traditional methods

Source of output %
difference Contribution

Observed difference in 13.40
output
Source of contribution

Due to difference in 47.37

technology

Due to difference in -31.74

input use
Seed -33.26
Human labour -3.38
Fertiliser, Farm yard -0.19,2.02 &

manure, Miscellaneous 3.08

Estimated difference in 15.63
output

contributed to the total productiv-
ity difference of the order of 13.40
percent, the farmer alone accounted
for 47.37 percent. This implied that
the paddy productivity could be
increased by about 47.37 percent if
the farmers could switch over from
the traditional method to the drum
seeding method with the same level
of resources used as in the tradi-
tional method.

Conclusions

The average net returns were
Rs. 15,600/ha and Rs. 41,300/ha in
traditional and direct seeding meth-
ods of paddy cultivation. The yield
realised in the traditional method
was 5.60 tonnes per ha and it was
6.80 tonnes per hectare in the direct
seeding method. The cost of cul-
tivation in the traditional method
(Rs. 40,960/ha) was more when
compared to that in the direct seed-
ing method (Rs. 30,102/ha). The es-
timated production functions were
significant with high R? for both the
direct seeding method and tradi-
tional methods. The output elasticity
coefficients for seeds, labour, ferti-
liser, FYM and miscellaneous were
positive and statistically significant
in both the methods except seed that
was not found significant in the case
of the traditional method. There
was a structural break up between
the two production functions. The
MVP-MFC ratios in the traditional
methods indicated that there was a
scope for increased use of seeds in
the short run keeping the use of oth-
er resources at a constant level. This
was also true for fertiliser, FYM and
miscellaneous items including plant

protection chemicals as MVP-MFC
ratio for these resources was also
more than one. On the other hand,
the farmers under the direct seed-
ing method could maximise their
profit by using more seeds, fertilis-
ers, FYM and miscellaneous items
including plant protection chemicals
as the MVP-MFC ratio for all these
resources was more than one. It
has also worked out that the major
component of the productivity dif-
ference was due to the difference in
method of cultivation. The findings
of this study demonstrate the supe-
riority of direct seeding technology
in terms of yield and returns advan-
tage. However, it is worth mention-
ing here that the actual adoption
rate of direct seeding technology
among paddy growers is low, which
appears to be a puzzle, given the
encouraging performance of the
new technology. These observations
call for enhanced extension services
for popularising the direct seeding
technology. The timely guidance
to the farmers from the extension
agencies and to the persons involved
in the transfer of technology to the
farmer’s field would be of immense
help in this direction.
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Table 3 MVP and MFC of resources in traditional and drum seeding methods

Inputs Traditional Drum seeding
MVP | MFC |  Ratio MVP | MFC |  Ratio
Seed (kg) 46.2 12.46 371 1,268.80 16.50 76.90
Labour (man days) 50.4 90.00 0.56 90.45 90.00 1.01
Fertiliser (kg) 45.15 12.50 3.61 97.20 12.50 1.776
FYM (tonnes) 544.95 205.00 2.66 1,228.50 211.00 5.82
Miscellaneous (Rs.) 2.10 1.00 2.10 1.35 1.00 1.35
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Abstract

Two mechanical harvesting pro-
totypes with an electrical picking
hook and electrical picking holder
were designed and fabricated for
picking peaches as a simple low
cost picking head that assured fair
fruit quality with minimal damage.
The effect of using it on the picker
performance and productivity was
evaluated. This required two ex-
periments to evaluate the designed
prototypes. The first one was to
study the effect of using designed
mechanical heads for picking Early
Grand and Meet Ghamr varieties
compared with traditional peach
picking methods (hand hook and
hand picking). The other experiment
was to study the effect of using five
different pickers (labors) to pick
Meet Ghamr peaches from upper
and lower parts of the peach tree
layers by the mechanical and manu-
al picking methods under study.

The results led to the following
conclusions: the picker productiv-
ity using the electrical picking hook
increased by about (91.32, 146.92,
and 46.30 %) compared with labor
productivity using the electrical
picking holder, manual picking hook
and hand picking, respectively, as
an average percentage. The electri-
cal picking hook gave the lowest
values of damaged fruit percent-
age (1.0 %) and the highest value
of good quality fruit percentage 96
% (extra fancy —grade 1) compared

with electrical picking holder, man-
ual picking hook and hand picking
method, consequently, increasing
the rate of fresh market exporting,
in addition to reducing picking cost
and increasing national income.

Introduction

Egypt stands among the largest
peach producing countries in the
world and occupies the 11th rank in
production amongst the 17 produc-
ing countries. Egyptian peaches
have a relative advantage in terms
of early ripening and nearness to in-
ternational import markets, in addi-
tion to yield, fruit quality and rela-
tively low labor cost. Consequently,
this creates a unique situation that
favors Egypt as a potential exporter
for fresh market peaches especially
to European and Arabic Gulf coun-
tries in April and May every year
due to early ripening before other
competing countries. Therefore, the
exported quantities of peaches have
been generally increasing. For these
reasons, the total area of peach pro-
duction in Egypt increased from
27,000 fed. in 1982 (69,000 tons) to
78,494 fed. in 2001 (224,183 tons)
and 83,703 fed. in 2007 (420,273
tons). The success of peach planting
in new reclaimed lands in the north
of Sinai Governorate (rainy plant-
ing) represents about 80 % of the
total area of peaches in Egypt where
the average yield was about 3-4 ton/

fed compared to 8-12 ton/fed in ir-
rigated old lands (E. A. S., 2008).

Horsfield et al. (1972) studied the
optimization of mechanical harvest-
ing procedures for apricots of non-
uniform maturity. It was concluded
that, for the orchard conditions in-
vestigated, selective tree harvesting
was more profitable than hand har-
vesting but the once-over harvest-
ing method was not as profitable as
hand harvesting, especially for large
orchards. They stated that a combi-
nation of hand harvesting to remove
the more mature tip fruits, followed
by machine harvesting, might have
potential and should be evaluated.

Sims et al. (1973) described an
integrated system of growing,
harvesting and handling peaches
using growth regulators, a mechani-
cal harvester, and a portable field
dumper-sorter capable of applying
fungicides, which would make it
possible to deliver acceptable qual-
ity fresh-market peaches. They
identified cuts which led to fruit
rot development during storage as
the most serious problem related to
mechanical harvesting. However,
encouraging results on mechanical
harvesting of peaches for fresh mar-
ket have been reported by (Kunz et
al., 1975). Bruising due to impacts,
which may be manifested internally
in the flesh, is a major limiting fac-
tor for harvest mechanization in
fresh-market peaches.

Zocca and Fridly (1977) indicated
that the limitations to mechanical
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harvesting of peach fruits include
bruising, variation in fruit maturity,
low tree profiles, damage tree trunk
and limbs from shaker action. How-
ever, with proper management of
the harvesting operation, clingstone
peaches can be successfully har-
vested mechanically. In 1980 about
35 % of the clingstone peach crop in
California was harvested mechani-
cally. Since bruising can be higher
in mechanically harvested fruits,
they should be processed soon after
harvested in order to minimized
fresh browning, (Kader, 1980).

Sansavini et al. (1982) conducted
a mechanical harvesting trial using
a mechanical harvester prototype
from Bologna University, specially
designed and tested for harvesting
apricots and prunes. Their tests
showed that the use of the mechani-
cal harvester resulted in an average
loss of 15 % of the fruit, but the har-
vester offered high working speed
and manpower saving.

Kader (1983) studied the influ-
ence of the harvesting methods on
quality of deciduous tree fruit and
his results concluded that the con-
tinuing consumer demands for high
flavor-quality fresh fruits indicated
the need for picking fully ripe fruit
that cannot be mechanically har-
vested without serious damage. The
success of future research efforts in
developing mechanical-harvesting
systems will require continued co-
operation between horticulturists
and agricultural engineers. Research
by horticulturists should empha-
size modification in the production
systems of deciduous tree fruits.
Research by agriculture engineers
should continue to improve fruit
detachment and collection systems
to minimize mechanical injuries to
fruits and trees.

Sansavini and Costa (1986) con-
ducted research on mechanical har-
vesting and pruning of apricot trees.
They found that manual harvesting
of the bigger and more appealing
fruits was necessary for the fresh
market and with the remaining ones

harvested by shaker for the process-
ing industry.

Zocca et al. (1991) described
technical data and performance of
a fully automated fruit harvester.
The single unit fully automatic fruit
harvester featured ultrasound, mag-
netic and mechanical sensors fed
input data to a proportional linear
controller and hydraulic system that,
sequentially, ran all harvesting op-
erations, including trunk position-
ing. Only one person was needed to
operate the unit and over 80 trees/h
could be harvested.

Sarig (1993) concluded that mech-
anization of the fruits harvesting,
and primarily of those destined for
the fresh market, was still a manual
task and highly desirable in many
countries due to the decrease in
seasonal labor availability. Some of
the technology existed for harvest-
ing fruit intended for processing,
but its utilization for soft, fresh fruit
was limited because of the exces-
sive mechanical damage to the fruit
during mechanical harvesting. Also,
all mechanical harvesting today is
based on once-over harvesting with
no provisions for selective harvest-
ing; a quite common requirement
for many fruit crops.

Horvath and Sitkei (2001) pro-
posed a new tree model which
analyzed three different kinds of
trunk motion. Based on acceleration
measurements in the soil body, a
new mass component was included
in addition to the common mass
components. An analysis of dynam-
ics and power requirement of the
system has shown that the elastic
deformation of the trunk will con-
tinuously be higher as attachment
height increases, resulting in a sig-
nificant decrease in the net power
requirement.

Erdogan et al. (2003) designed
and constructed an inertia type hy-
draulically powered limb shaker and
driven by the tractor power take-
off, for mechanical harvesting of
apricots. In the tests, the limbs were
shaken at 20, 30, 40, 50 and 60 mm

amplitude of the connecting rod at-
tached to the crankshaft at 10, 15
and 20 Hz frequencies for optimum
shaking time. The shaking time,
frequency and amplitude for a limb
were found to be 5 s, 15 Hz, and 40
mm, respectively. Limb position,
limb length and tree size affected
the fruit removal percentage at the
5 % significance level. The least
fruit damage was obtained with the
plastic canvas catching surface. The
time required to harvest an apricot
tree by hand and by traditional and
mechanical harvesting methods
were 400, 20, and 6 min, respec-
tively. The inertia type limb shaker
showed great promise and did not
cause any damage to the limb and
bark.

Sanders (2005) reported that the
most difficult aspect was the selec-
tion and removal of the individual
pieces of fruit from the tree. None
of the currently available mechani-
cal harvesting systems have been
able to fully replace the flexibil-
ity and fruit selection abilities of
manual pickers. Most of them only
have crop selection capacity. These
harvesters were designed to remove
all of the current season fruit from
the tree during the first picking
operation. Picking the fruit in one
operation has the disadvantage
that it results in a portion of the
fruit picked not being of optimum
quality, because some of the less
mature fruit on the tree will not
have reached optimum quality and
some of the more mature fruit will
have begun to deteriorate. Hence,
the maximum achievable financial
return was heavily dependent upon
the fruit quality distribution on the
day of picking.

Polat et al. (2007) used an iner-
tia type limb shaker, hydraulically
powered and driven by the tractor
power take-off, for mechanical har-
vesting of pistachio nuts. The limbs
of trees were shaken at 40, 50, 60
mm amplitude of the connecting rod
attached to the crankshaft and 10,
15, 20 Hz frequencies. Shaking time
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was 10 s for all of the frequency
and amplitude tests. Maximum fruit
removal (100 %) was achieved by
operating the shaker at an ampli-
tude of 60 mm and a frequency of
20 Hz. Tree structure was the most
significant factor influencing the
success with mechanical harvesting
of fruits.

Torregrosa et al., (2008) designed
and constructed catching systems
to pick peaches detached from the
trees by shaking with hand-held
shakers. The experiments were car-
ried out on a crop of peaches (cv.
Caterina). Three catching systems
were tested: A) a pair of canvases,
B) a catching trailer with extendable
flat planes, and C) a pair of canvases
with direct discharge to boxes. Their
results indicated that fruit detach-
ment percentage with the hand-held
shakers ranged between 83 % and
95 %. Less than 2.4 % of the fruits
were severely injured. Harvesting
rates per operator increased from
100 kg/h with hand harvesting to
nearly 200 kg/h with systems A and
B and to more than 300 kg/h with
system C. System C was also tested

to harvest fresh market peaches
(cv. Tardivel), but 13 % of the fruits
were damaged to some extent (se-
vere and slight) and this was not ac-
ceptable for the producers.
Problem Statement

Several of the current mechanical
harvesters have been able to reduce
the labor requirement and greatly
increase the picking rate above that
which could be achieved by manual
pickers. Moreover, for realizing the
economic importance of the Egyp-
tian peach fruit and the advantages
of individual fruit harvest over mass
removal done by different mecha-
nized techniques, in addition to
overcoming the shortage of labor
supply for hand harvesting, our
research has been directed toward
finding an efficient mechanized
picking method to harvest peaches
for fresh market, reducing labor re-
quirement and maximizing manual
picking productivity and fruit qual-
ity in order to minimize total har-
vesting costs and increase the ex-
porting rates for peaches. Therefore,
the aim of this study was to design
and fabricate a small scale peach

Fig. 1 Main components and schematic diagram of electrical picking hook
for peach fruits. Peach electrical picking holder

1- Telescopic carrier
2- Picking mechanism

3- Fruit collecting mechanism

4- DC source and operation circuat

picking head prototype of a simple
low cost picking head that assures
having fair fruit quality with mini-
mal damage and evaluate the effect
of using it on picker performance.

Material and Methods

In this study, two designed proto-
types of harvesting tools namely the
electrical picking hook and electri-
cal picking holder were evaluated
under field harvesting conditions.
The fabrication of these prototypes
was carried out at the same private
workshop in EI-Mansoura and
Damnhour cities, Egypt, in 2007.
The construction and the main com-
ponents of both types of harvesting
heads could be explained as follows:

Peach Electrical Picking Hook

The prototype peach electrical
picking hook was constructed from
the following main parts as indi-
cated in Fig. 1.

A telescopic carrier that consisted
of two hollow aluminum pipes 3 m
long. The upper one (g = 16 mm)
was inserted into the lower one (g =
20 mm) to adjust the height of peach
electrical picking hook.

The picking mechanism consisted
of a linear DC motor, 12 V - 70 Ah,
hook shaft, retraining spring, picker
shaft guide and picker hook. The
DC motor was fixed on the upper
end of the telescopic carrier, while
the hook shaft was fixed inside the
magnetic coil of the DC motor to
create a magnetic field suitable for
attracting down the hook shaft after
connecting the direct current. The
retraining spring was used to retrain
the hook shaft to its start point again
after ending its down attract stroke.
The picker hook was fixed on the
upper end of the hook shaft, its
shape like v letter, while the picker
shaft guide was used to prevent
the picker hook from exiting and
rotating in the magnetic coil during
picking.
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Fruit collecting mechanism con-
sisted of a fruit receiving/transport-
ing tube and fruit collection basket.
The upper end of fruit receiving
tube (g = 25 cm) was fixed on the
telescopic carrier under the picker
hook with about 20 cm to receive
and transport the picked fruit to the
mobile fruit collection basket.

DC source and operation circuit:
a battery (12 V - 70 Ah) was used as
the DC source to operate the linear
DC motor through electrical cables
passed inside the pipes of the tele-
scopic carrier, while the operation
switch was fixed on the lower pipe
of the telescopic carrier in a suitable
place for the operator’s hand.

Working theory: the operator
(picker) selected the mature peach
fruit on the tree and detected it by
the picking head by adjusting the
two wings of picker hook around
the peach fruit twig. A switch was
then turned on to connect the DC
current to magnetic coil through
cables in the magnetic coil to create
a magnetic field which pulled the
hook shaft to the down side. Con-
sequently, the picker hook detached

the peach fruit and dropped it to the
receiving tube. After filling the mo-
bile basket with fruit, the operator
emptied it in the fruit boxes.

The main components of the
peach electrical picking holder pro-
totype are shown in Fig. 2. These
components are described below:

A telescopic carrier consisted of
two hollow aluminum pipes 3 m
long. The upper one (z = 16 mm) is
inserted into the lower one (g =25
mm) to adjust the height of peach
electrical picking hook.

The picking mechanism con-
sisted of a linear DC motor, 12 V
- 70 Ah, holder shaft, holder cam,
retraining spring, picker shaft guide
and holder hands. The DC motor
was fixed on the upper end of the
telescopic carrier, while the holder
shaft was fixed inside the magnetic
coil of the DC motor to create a
magnetic field suitable for pulling
down holder the shaft after con-
necting the direct current to it. The
retraining spring was used to re-
open the holder hands, again, after
the ending stroke to catch another
peach. The two holder hands were

Fig. 2 (L) Main components and schematic diagram of electrical picking holder

Fig. 3 (R) Hand picking hook. Traditional Peach hand picking hook

e ¥ F; v F

1- Telescopic carrier
2- Picking mechanism

3- Fruuts collecting mechamsm
4- DC operation circuit

fixed on the upper end of the holder
shaft. The shape of the holder hand
was almost the same as a spoon.
The inner surface of the holder hand
(spoon) was covered by rubber ma-
terial. The holder cam was used to
make the fruit catching action by
the holder hands during attraction
of the holder shaft to the down side.

The fruits collecting mechanism
consisted of fruit the receiving/
transporting tube and fruit collec-
tion basket. The upper end of the
fruit receiving tube (g = 25 cm) was
fixed on the telescopic carrier under
the holder with about 25 cm to re-
ceive and transport the picked fruits
to the mobile fruit collecting basket.

DC source and operation circuit:
a battery (12 V - 70 Ah) was used
as DC source to operate the linear
DC motor through some electrical
cables passed inside the pipes of the
telescopic carrier, while the opera-
tion switch was fixed on the lower
pipe of the telescopic carrier in a
suitable place for the operator hand.

Working theory: this mechanism
was designed to simulate the same
hand picking action of peaches by
catching them and attracting them
to the down side as it was detach
from the twig. The operator selected
the matured peach to be picked from
fruit distribution layers on the peach
trees and positioned the electrical
picking holder to it. The operator
then switched-on the magnetic coil
so that the picker holder catching
the peach fruit moved down side
rapidly at the same time to detach it
from its twig and position it to the
fruit collecting basket as shown in
Fig. 2.

A traditional peach hand picking
hook consisted of a long stick from
some plants (about 2.5-3 m long and
3-4 cm diameter) with about 30 cm
of steel bar (s = 1.5 cm) curved and
fixed at the upper end of the long
stick as shown in Fig. 3. The picker
caught this traditional hook and
attracted matured peaches by hit-
ting and shaking tree branches. The
picked fruit by the hand hook were
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dropped on the ground surface from
different fruit distribution height
layers. This required another laborer
to collect these fruits in fruit the
basket.
Performance Test and Evaluation
Two experiments were carried
out to evaluate the performance of
designed picking peach prototypes
during this investigation. The first
one was done to study the effect of
using the designed electrical pick-
ing hook and holder as mechanical
methods for picking Early Grand
and Meet Ghamr peach varieties
and compare with hand hook and
hand picking method as a traditional
peach picking methods. The second
experiment was done to study the
effect of using five different pick-
ers (labors) to pick Meet Ghamr
peaches from upper and lower parts
of fruit distribution layers on the
peach trees by mechanical and man-
ual picking methods under study.
Therefore, the distribution fruit lay-
ers were divided into two parts. The
lower part included the first and sec-
ond fruit distribution layers while
the upper part included the third and
fourth fruit distribution layers. The
evaluation experiments were carried
out during peach picking season
of 2007 and 2008 at private peach
farms in the new reclaimed (rainy)
lands, EL-Arish, North Sinai Gov-
ernorate and old (irrigated) lands,
Meet-Ghamr, Dakhalia Governor-
ate, Egypt.

Measurements

Peach Fruit Properties

The physical properties included
fruit dimensions: length, diameter,
mass and volume. The mechanical
properties included fruit penetration
resistance and fruit picking force.

Peach Tree Characteristics

The characteristics of peach tree
canopy that affect on the perfor-
mance evaluation of the designed
peach picking tools were measured

and the average values were calcu-
lated. The measuring characteristics
included, tree heights/diameter,
number of branches, first branch
height, and tree spacing.

Performance Measurements

The performance measurements:
total picking time/picker productiv-
ity (ton/day) and fruit quality were
measured during picking using
designed mechanical peach picking
tools under study and comparing
with other traditional peach picking
methods (hand picking and manual
hook).

Total Picking Time and Picker
Productivity

The total picking time required for
selecting/detecting the mature fruit,
catching by hook/holder, detaching
it and collecting in the fruit basket/
box was measured and recorded
using five different pickers (labors)
with both types of the designed
peach picking heads to calculate the
average value of picker productivity
(ton/day) and comparing with tradi-
tional peach picking methods. Also,
the total picking time included the
lost time in moving picking heads
between peach trees and branches,
in addition to the time to empty the
full fruit basket.

Quality of Harvested Peach Fruits

The quality of picked peach fruit
was evaluated by calculating the
percentage of the damaged fruit due
to dropping it out of the receiving
tube/basket and the visible damage
percentage in the picked fruits due
to cutting it by the picking head
parts. The percentage of good fruit
quality was determined for the fruit
collected in the basket for each
picking. Also, the picked peach fruit
validity was estimated by storing
it for a period of one week under
the room temperature using picked
fruits by mechanical and manual
picking methods.

Results and Discussions

Physical and Mechanical Proper-
ties of Peach Fruits

The minimum, maximum, aver-
age and standard deviation (SD) val-
ues of the physical and mechanical
properties of the Early-Grand and
Meet Ghamr varieties (El-Arish and
Meet-Ghamr regions, respectively)
were measured, calculated and sum-
marized in Table 1.

The average values of length,
diameter, volume and mass of the
Early-Grand variety were higher
than obtained for the Meet-Ghamr.
However, the average values of pen-
etration resistance for Meet Ghamr

Table 1. Physical and mechanical properties for peach fruit

\Z\eﬁg?y Measurements Min. Max. Av. SD. CV%
Length, mm 51.00 69.10 62.43 5.09 8.15
Diameter, mm 55.10 73.50 61.15 5.23 8.56

Early Mass, kg 75.00 160.0 107.40 23.32 2171

Grand | Volume, cm? 83.5 127.2 96.00 14.6 15.21

Pene_tration 1.3 17.2 7.89 6.23 78.96
resistance, N

Picking force, N 11.00 35.03 16.67 9.64 57.82

Length, mm 5.10 6.70 5.84 0.49 8.38

Diameter, mm 4.85 6.80 5.61 0.54 10.47

Meet Mass, kg 61.58 158.96 91.88 30.05 32.71

Ghamr |Volume, cm? 45.50 185.0 98.00 39.31 40.11
Penetration 4.45 22.25 8.72 5.53 69.51

resistance, N
Picking force, N 0.10 14.70 472 5.96 126.27
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Fig. 4 The characteristics of the peach tree canopy
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Fig. 5 The fruit distribution percentages on the peach trees
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Fig. 6 Effect of using designed mechanical heads compared with traditional methods
for picking Meet Ghamr and Early Grand peaches
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Fig. 7 Effect of using different pickers (P1 to P5) for picking peach fruit
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variety (8.72 N) were higher than
that (7.89 N) for Early Grand vari-
ety. Meanwhile, the average values
of the picking force for Early Grand
(16.67 N) were extremely higher
than that obtained (4.72 N) for Meet
Ghamr.

Peach Tree Characteristics

The characteristics of the peach
tree canopy and fruit distribution
percentage on the tree layers were
measured and calculated for Early
Grand and Meet Ghamr peach va-
rieties. The results indicated that
there were significant differences in
the average values of the tree char-
acteristics for both varieties under
study as illustrated in Figs. 4a and
b. The average values of tree height,
tree diameter and tree spacing were
2.25m, 3.25 m and 4.0 x 4.0 m,
respectively for the Early Grand
variety. However, the corresponding
values for the Meet Ghamr variety
were 4.0, 3.20 and 3.0 x 3.5 m for
tree height, diameter and spacing,
respectively.

The first main branch starts at
an average height of 0.40 m from
the ground surface with 4-5 main
branches on the Early Grand peach
tree. However, the first main branch
starts at average height of 0.5 m
from ground surface with 4 main
branches on the Meet Ghamr peach
tree. The fruit distribution of Early
Grand variety was concentrated on
the outer circumference of the tree
on the first and second layers from
ground surface. While the upper
layer (third layer) contained the low-
est percentage of fruit distribution
as shown in Fig. 5a. The percent-
age of fruit distribution on the Meet
Ghamr trees was concentrated at the
outer circumference of the tree on
second and third layers from ground
surface. The lowest percentage of
fruit distribution was on the first
layer of the tree as indicated in Fig.
5b.
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Table 2 Effect of using mechanical and manual harvesting method
on peach fruit quality

Pcking method] o EACED, [ Damaged Tl Goodtut, | A vty

Electrical hook 3.0 1.0 96 5 days

Electrical 11.0 3.0 86 3 days
holder

Hand hook 810 7.0 12 1 day

Hand picking 4.0 2.0 94 5 days

Performance Evaluation

Picker productivity

The average values of picker pro-
ductivity (ton/day) was estimated
using designed mechanical and tra-
ditional picking methods for picking
Meet Ghamr and Early Grand vari-
eties. The results are illustrated in
Fig. 6 and indicate that the electrical
picking hook gave the highest picker
productivity (1.551 and 1.691 ton/
day) as compared with other picking
methods. However, the hand picking
method gave 1.035 and 1.185 ton/day
followed by the productivity of the
picking holder (0.813 and 0.881 ton/
day) and the hand hook (0.625 and
0.688 ton/day) during picking Meet
Ghamr and Early Grand varieties,
respectively.

The picker productivity using
the electrical picking hook was
increased by about 90.70, 148.05,
and 49.91 % compared with labor
productivity using electrical pick-
ing holder, hand picking hook and
hand picking method, respectively,
for picking the Meet Ghamr variety.
However, the corresponding values
for the Early Grand variety were
about 91.94, 145.78 and 47.70 %,
respectively. Meanwhile, the picker
productivity was more for Early
Grand variety by 8.29, 7.70, 9.13 and
12.7 % than the Meet Ghamr variety
using electrical picking hook, elec-
trical picking holder, hand picking
hook and hand picking, respectively.
These results may be due to lower
height values of the Early Grand
peach tree and canopy volume than
the Meet Ghamr trees, which would
decrease the lost time during pick-
ing operations.

Regarding the effect of using dif-

ferent pickers (P1 to P5) for picking
Meet Ghamr fruit from lower and
upper parts of peach tree on the
picker productivity using mechani-
cal and traditional picking methods:
one can say, the picker productivity
values varied from one picker to
other according to the picker experi-
ence and skill as shown in Fig. 7 us-
ing any given mechanical and man-
ual picking method. Also, the picker
productivity values increased during
picking from the lower part to the
upper part for any given picker and
picking method. However, the aver-
age value of increment percentage
between lower and upper tree parts
in picker productivity achieved the
highest values (61.60 %) with the
hand picking method compared
with 37.24, 49.19 and 39.43 % with
the electrical picking hook, electri-
cal picking holder and hand picking
hook, respectively.

Picked Fruit Quality

The effect of using the designed
harvesting tool prototypes (electri-
cal picking hook and holder) on the
picked fruit quality was measured
and estimated in comparison with
effect of the traditional picking
methods. The percentages of impact
(dropped) fruits on the ground sur-
face, the visible mechanical damage
percentages in these fruits and the
fruit validity by storing one week at
room temperature using fruit picked
by mechanical and traditional pick-
ing methods are summarized in
Table 2. From these results it could
be concluded that using the electri-
cal picking hook gave the lowest
percentage of impacted (3.0 %),
damaged fruit percentage (1.0 %)

and the highest validity period (5
days) compared with other mechani-
cal and traditional harvesting meth-
ods under study. However, using the
manual hook gave the highest per-
centage of impacted (81.0 %), dam-
aged fruit percentage (7.0 %) and
the lowest validity period (1 day)
due to the impact action for dropped
fruits on the ground, especially the
matured fruit from third and fourth
layers. These results mean that us-
ing the designed prototype of elec-
trical picking hook gave the highest
value of good quality fruit percent-
age 96.0 % (extra fancy —grade 1)
compared with electrical picking
holder, manual picking hook and
hand picking method, consequently,
increasing the rate of fresh market
exporting, in addition to reducing
picking cost and increased national
income.

Conclusions and Recom-
mendations

The picker productivity using the
electrical picking hook increased
by about 90.70, 148.05, and 49.91
% compared with labor produc-
tivity using the electrical picking
holder, manual picking hook and
hand picking method, respective-
ly, for picking the Meet Ghamr
variety. However, the correspond-
ing values for the Early Grand va-
riety were about 91.94, 145.78 and
47.70 %, respectively.

Using the electrical picking hook
gave the lowest percentage of
impacted (3.0 %), damaged fruit
percentage (1.0 %), the highest
validity period (5 days) and the
highest value of good quality fruit
percentage 96.0 % (extra fancy-
grade 1) compared with other me-
chanical and traditional harvest-
ing methods under study.

The authors recommended to local-
ly fabricate and use the electrical
picking hook for picking peach
fruits to increase the rate of fresh
market exporting, in addition to
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reducing picking cost and increas-
ing national income. However,
the electrical picking holder still
needs some modifications to de-
crease the percentage of dropped
fruits out its fruit basket.
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Abstract

This study was undertaken to
identify the constraints in the use
of agricultural implements and
machinery in the state of Bihar.
Farmers of different farm categories
were selected. It was observed that
mechanization in agriculture is not
up to mark because the main prob-
lems faced by the farmers in adop-
tion of improved farm equipment
were lack of awareness about vari-
ous farm implements and machin-
ery. The major constraint of farm
mechanization in Bihar was size of
farm holding. Average size of land
holdings across the state was less
than one hectare. Land ownership in
the state was badly fragmented. Be-
tween 85 percent and 90 percent of
rural households own less than five
acres. The attempts have been made
to suggest various recommendations
to over-come these problems.

Introduction

Bihar has one of India’s most
fertile tracts of land. Nearly three-
fourths of its population also de-
pends on agriculture for survival.
Yet the productivity of the state is
below the national average, and

12, Regent Park, Kolkata - 700 040

much lower than green revolution
states like Punjab and Haryana.
Constantly expanding population
of Bihar has required and will con-
tinue to demand an ever-increasing
agricultural production of food and
fibre. Mechanization of small farms
in Bihar affect all production stages
from land preparation to harvesting,
and post harvest to processing. As
adoption of agricultural machinery
increases capital input, it is expect-
ed that the level of output should
increase. Such changes are likely
to have an impact on employment,
income and income distribution and
social welfare.

There is a considerable controver-
sy about the desirability of agricul-
tural mechanization with modern-
ization so that it becomes the major
indicator and requirement for de-
velopment. A more moderate view
holds that the functional relationship
between power input and agricultur-
al output is analogous to fertilizer
and yield. Therefore, development
requires added power in the form of
mechanization. A third view holds
that the major objective is absorbing
the significantly increasing num-
bers of labourers in the agricultural
sector and that mechanization can
help through intensifying land use.
In this view, mechanization is the

Barrackpore - 700 120
"| Kolkata, West Bengal, INDIA

key to increased cropping intensity,
which will permit labour absorption
at other times during the production
cycle.

Agriculture is the mainstay of the
people of Bihar. Basic economic
features of the state have been com-
pared with the national figures in
the Table 1.

Table 1 explicitly shows high
population pressure on Agriculture
with population density at 880 for
Bihar against the 324 for India.
With fewer industries in the state
the share of rural population at 89.5
% is very high. Agriculture contrib-
utes 42.0 % of the state GDP against
the national figures at only 20.8 %.
These statistical figures reveal the
importance of Agriculture in the
state economy.

Table 1 proves beyond doubt the
need to modernize agriculture in the
state with the value of output from
Agriculture (per hectare) at only
5,939 against the national average at
11,839.

The average land yield in Bihar is
just 1,679 kg per hectare, lower than
the national average of 1,739 kg and
much lower than Punjab’s 4,040 kg
and Haryana’s 3,127 kg per hectare.
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Table 1 Basic economic features: Bihar vs. India

Iltem Bihar \ India
Agriculture as % of GDP (2004-05) 42.0 20.8
Rural population as % of total population 89.5 72.2
(2001)
Human population density (per sq.km (2001) 880 324
Per capita Income (at 93-94 prices) in (RS) 3,574 8,941
Per (E;pi)ta Agricultural Income (at 93-94 prices) 1,508 2,552
in(Rs
Value of output from Agriculture per ha. 5,939 11,839
(at 93-94 prices) in (Rs)
Rural Poverty (1999-2000) 40.07 % 27.09 %
Literacy 3473 % 52.21 %

Source:- DOS, Gov. of Bihar

Methodology

The State of Bihar with an area
of 94,163 sq m (93.60 lakh hectares)
lies in between latitudes N.24°20'
10" and 27°31'15" and longitudes E
83°19'15" and 88°17'40". The state is
bounded on the north by Nepal, on
the east by West Bengal, on the west
by Uttar Pradesh and on the south
by Jharkhand. The state lies be-
tween 35 to 85 metres above mean
sea level. The total cultivated area is
26.69 lakh ha. The state is divided
into three agro-ecological zones.
These are, Northwest Alluvial
Plains, North-East Alluvial Plains
and South Bihar Alluvial Plains.
The study was carried out in south
Bihar alluvial plain zone. The total
geographical area of South Bihar
alluvial plain is 41.12 lakh hectares.
It receives 1,104 mm average an-
nual rainfall. Net sown area is 21.95
lakh hectares. Total irrigated area is
16.76 lakh hectares. The cropping
intensity of the study area is 135.11.

A four stage simple random sam-
pling mechanism was adopted to se-
lect a village. This statistical selec-
tion procedure comprised districts
as the first stage sampling unit,
blocks within the selected district
as the second stage, village within
the selected blocks as the third stage
and the farmers within the village
as the fourth stage sampling unit.

The farmers were classified into
four categories, viz marginal farm-
ers (MF) with less than 2 ha land,

small farmers (SF) with 2 to 4 ha,
medium size farmers (MSF) having
4 to 10 ha, and large farmers with
more than 10 ha of land holding.
The data collection was done on
the basis of a predesigned pretested
questionnaire. The information col-
lected includes the various details
of the village like farm holding,
livestock population, land utiliza-
tion pattern, irrigation structure,
crop rotation, inventory of farm
machinery and power sources. The
schedule of farm operation activi-
ties carried out by the different cat-
egories of farmers was monitored
to analyse the utilization of differ-
ent farm power sources in the crop
production. The annual availability
of commercial power sources like
tractor, diesel engine and electric
motor was worked out by assuming
uniform usage through out the year.

Results and Discussion

Socio-Economic Characteristics
of Farmers

Socio- economic profile of farm-
ers revealed that sixty two percent
of the farmers were older than 45
years, thirty three percent were
between 30 years to 45 years and
only five percent were less than
30 years. Among sample farmers,
sixty three percent of the farmers
were illiterate, twenty eight percent
finished primary/middle school, 16
% went to high school and only 3 %

were college or university graduate.
Farming was the main occupation
for 80 % of the farmers while 8 %
were service holders and 12 % were
maintaining a small subsidiary oc-
cupation like business.

Socio- Economic Factors and Adop-
tion of Mechanization

The progress in agriculture ulti-
mately depends up on the use and
adoption of machinery by the farm-
ers.

Equipment

Ploughing on the farms was al-
most fully mechanized, while other
operations were far from mecha-
nized. Planting/sowing, weeding,
interculturing, harvesting and
post harvesting operations were
manually done. Almost all farmers
performed tillage operation with
locally manufactured desi ploughs/
cultivators, applied fertilizers by
broadcasting and sprayed chemical
using knapsack sprayers. Centrifu-
gal pumps were most common for
under ground water pumping.

Most of the farmers were not able
to answer questions related to the
suitable sizes of their tractor and
equipment.

Constraints in Farm Mechanization

In order to know the problems re-
sponsible for poor adoption of farm
implements and machines, 195 farm
families from different farm catego-
ries were consulted to obtain their
opinion in view of their vast experi-
ence in farming.

Farmers were enthusiastic about
the use of improved farm imple-
ments. In certain pockets they also
willingly adopted one or more till-
age implements, sowing implement,
wheat thresher and plant protection
equipment as they felt that these
implements increased the efficiency
and quality of operation and re-
duced the drudgery involved in the
conventional methods. However,
the constraints faced in adoption
on a large scale by the farmers are
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extension related programmes of
agricultural engineering, lack of in-
frastructure like farm road, electric-
ity, lack of appropriate machines,
small land holdings, poor economic
conditions, lack of irrigation facility
and lack of manufacturer.

The farmers reported the various
problems being faced by them in
the way of adoption of most of farm
implements as summarized below:

Extension programme of agri-
cultural engineering

The Extension Programmes of
Agricultural Engineering were
found to be very poor in Nalanda
district. This was reflected in the
awareness of farmers and use of
farm implement and machinery.
About 96 percent of bullock owned
farmers were ignorant about such
improved implements as such as M.
B. plough, disc harrow, seed drill,
olpad thresher, ridger. Similarly
about 90 percent of tractor owned
farmers were ignorant about im-
proved machinery and implements.
About 98 percent of farmers did not
know about pedal paddy thresher
and power/hand operated maize
sheller.

There was no field demonstration
or training programme with regard
to improved implements. Similarly
implement manufacturers were not
available except very few low qual-
ity thresher fabricators. This was
due to poor extension programmes
in this direction.

Lack of Appropriate Machine and
Equipment

Appropriate types of implements
were not available within their easy
reach. There were no local manufac-
turers of agricultural implements in
Nalanda district. Only threshers are
being fabricated by local artisan.

They felt the need of some vendor
or agency (Government or private)
which could collect their demands
of the implements and arrange to
provide at appropriate time and
place.

One of the main difficulties with

mechanization in less developed ar-
eas wasthe lack of equipment. Lack
of knowledge of existing imple-
ments and their performance under
field conditions were, also, found to
be a bottleneck in mechanization.
Lack of market dealers for such
implements was also found to be a
parameter that retards mechaniza-
tion.

Small Scale Holdings

The survey revealed that the
number of marginal (below 1.0 ha),
small (1.0-2.0 ha), semi medium
(2.0-4.0 ha), medium (4.0-10 ha)
and large (10.0- above) farmers
was 241,905, 35,668, 14,835, 2,981
and 44, respectively and possessed
46.25, 24.63, 20.70, 8.09 and 0.33
percent of the total cultivated area
in the state respectively.

About 92 percent of land of mar-
ginal farmers, 74 percent of land of
small farmers, 35 percent of land of
medium size farmers and 20 percent
of land of large farmers were of tiny
size and irregular shape of fields
that made it difficult to carry out
field operations properly. This was
one of the reasons why mechaniza-
tion remained limited to station-
ary farm operations and haulage.
Farmers felt that this problem could
be resolved by introducing joint
farming or farming on co-operative
basis leading to increase in farm
holding size. They were observed
to be getting ready for land con-
solidation by government agencies.
Such consolidation could attract co-
operative farming or mechanized
farming. Land consolidation could
be done by the Revenue Department
in collaboration with Department of
Agricultural Engineers with latest
knowledge of farm roads, irrigation
systems, irrigation channels, drain-
age channels and the like.

Scattered Fields

The agricultural set-up remains
mired in centuries-old mores. Land
reforms have not been implemented
effectively. Even the survey of agri-

cultural land has not been complet-
ed. Most farmers own sets of sepa-
rate plots, sometimes numbering as
many as 20 making it impossible for
them to employ uniform farming
techniques on their entire holding.

In Nalanda district, generally
fields were small and scattered.
About 88 percent farms of marginal
farmers, 75 percent of small farm-
ers, 49 percent medium size farm-
ers and 37 percent of large farmers
were scattered over the entire area
of a village. In some cases, it was
beyond the area of the village too.
Therefore, farmers were unable to
use the machinery gainfully. It took
much time and labour to transport
them from one field to another.
Hence, farmers were unable to
adopt intensive cultivation. Small
holdings did not lend themselves to
mechanization. Particularly if they
were scattered (at different locations
and of various shapes and sizes.)
over large areas, since the cost of
transporting machinery to cultivate
small plots was far from economi-
cal.

Farm mechanization of scattered,
parcels of land becomes too diffi-
cult and inefficient, which, in turn,
reduces agricultural production and
owner’s incentive for land improve-
ment and achievement of high pro-
duction. The land consolidation of
several fragments belonging to any
farmers and the possibilities of gath-
ering together the land fragments
registered to different members of
a farm family will solve this prob-
lem. Chakbandi, or giving compact
blocks of land to farmers in ex-
change for their dispersed holdings.

Lack of Farm Roads

Farm roads are the backbone of
farm mechanization. It may not be
out of way to discuss about trans-
portability of other parameters of
farming like high yielding seeds,
fertilizer, insecticides, pesticides,
micronutrient and even farming
practices. It may be observed that
these parameters can travel to farms
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on shoulders of farmers or labour-
ers. All these reached Nalanda
district and contributed to increase
production. But the major parameter
called energy input to farms was
found to be still missing. The basic
source of energy input to farms is
still a tractor, which moves on roads
and all of it attachments need farm
roads to go to the field. This was
one of the most important param-
eters that prohibited farm mechani-
zation in Nalanda district. Farmers
reported 100 percent absence of
farm roads. There existed no farm
road and no approach to a road to
the village. Even a cyclist could not
go to his village on a cycle. Some
farmers had not heard of farm roads
or had no concept of farm roads.

Non-Availability of Electricity

Electricity, being a cheaper source
of power, is capable of reducing
unit cost of operation, which in turn
could intensify mechanization. But,
due to non-availability of electric-
ity, mechanization was adversely
affected. Several farm operations
like irrigation, threshing and post
production processes could be done
at lower cost as compared to diesel
power. For an intensive cropping
pattern, timely irrigation and quick
threshing becomes important. In
Nalanda district the water table was
low enough to lower the pumping
sets to a depth of 4 to 7 m. Under
the circumstances, pumping irriga-
tion water by diesel was uneconomi-
cal. This was a bottleneck to farm
mechanization.

Poor Economic Condition

About 90 percent of marginal
farmers, 75 percent of small farm-
ers and 20 percent of medium size
farmers were economically poor.
Due to this poor economic condi-
tion, in spite of their willingness to
own farm implements, they were
unable to purchase as these did not
come in their order of priority of
day to day requirements.

More than 80 percent of farmers

use tractors rented from wealthy
landlords at exorbitant charges.

Most farmers having small farm
holdings could not afford to spare
capital out of their own savings to
buy farm implements. If farmers
had to maintain both tractor drawn
and animal drawn implements, it
could be very uneconomical. Spe-
cial machines and implements are
required for different crops and
also different types of implements
are required for specific jobs. This
could raise the capital cost of ma-
chines beyond reach of the individ-
ual farmers. They felt a need for a
multipurpose, multicrop implement/
machine.

Lack of Irrigation Facility
Irrigation facilities were scare.
While one-third of villages in south
Bihar have canals, only one in every
eight has a canal in the north. Other
sources of irrigation like wells, bor-
ings and tube wells, were also few.

Lack of Manufacturers in the State
Most of agricultural machines/
implements are imported from other
states. This results in high capital
investment for a small farm. Even
in districts where machines are im-
ported prices of these machines are
so high that on small farms where
production is low, use of such ma-
chines becomes uneconomical.

The high cost of imported ma-
chinery has always been a serious
limiting factor in mechanization of
agriculture. Farmers in this state
pay considerably higher for ma-
chines than their counterparts in
industrialized states like Punjab,
Haryana, and U.P.

Lack of Genuine Spare Parts
Farmers faced difficulty in getting
genuine spare parts at a reasonable
price and at a convenient distance.
It badly affected the working of ma-
chines. Thus, lack of spare parts for
agricultural machinery and equip-
ment was a major problem which
greatly affects all mechanization

schemes in the district.

Poor after Sales Service

Service facilities provided by
the dealers were found meager.
Sometimes no after-sales service
was available. Thus lack of well
equipped workshops in the districts
made it difficult to carryout mecha-
nization programmes successfully.

Since, after-sales service facilities
were not available locally, they had
to travel long distances for petty
jobs. Sometimes, they also faced
problems of getting their imple-
ments repaired within the optimum
time for the farm operation.

Lack of Training Centre

The vocational education of most
of the farmers in the state was very
poor. Almost all the farmers sur-
veyed were illiterate and had little
experience with agricultural imple-
ments. The farmers have little or no
exposure to modern machines for
farm operation and were hesitant to
even try handling a power operated
equipment. A programme of farmers
training in handling and managing
farm machinery was felt a bare need
to make mechanization a success.
Farmers were looking for a training
center where they could get train-
ing in tractor driving, hitching of
implements, ploughing, harrowing,
seed sowing, cultivating, spraying,
dusting, harvesting and their repair
and maintenance. They also need
a knowledge/training programme
for repair and maintenance of diesel
engines and electrical motors. Due
to lack of proper training they were
unable to utilize the machine prop-
erly.

They felt immediate need of es-
tablishment of such training centers
either by a government organiza-
tion, agricultural universities, KVKs
or NGOs that could take up the job
on lines of tractor training centers
Budhni and Hissar.

Credit Availability
The farmers of the district ex-
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pressed great difficulty in availing
credit facilities for the purchase
of implements. They reported that
formalities and number of visits
required for availing credit were
too many. They also feared as to
how many times they would be re-
quired to repay the credit obtained
on account of suspected foul play in
societies. They wanted interest free
credit for purchase of implements
and machinery.

Awareness Toward Banking Facili-
ties

About 44 percent of the farm-
ers in the state were illiterate and
unaware of such facilities. Some of
them who were willing to take ad-
vantage of modern technology were
too poor and could not mortgage
their property to secure a bank loan.
Only a few farmers owned a tractor
and few could afford to hire. Also,
banking facilities were not available
in rural areas. Even where it was
available, farmers were not educated
to take advantage of the banking fa-
cilities. They were not habituated to
deposit their money in a bank or to
take a loan from a bank and refund
it. It was required to educate them,
to expose them, to banking and
make them habitual of bank use.

Institutional Aspects of Farm Mech-
anization

Enlarging the operations of small-
scale farmers can be carried out in
two ways: expanding the size of
land holdings, and expanding the
scale of farm management. Since
forest clearance is now coming to
an end, expanding farm size can
be done only through land reform,
land resettlement and land consoli-
dation programmes. To expand the
scale of farm management requires
both government programmes and
the farmers’ own farming skills in
order to introduce improvements
such as multiple cropping and in-
tegrated crop- livestock farming.
Agricultural infrastructure must be
improved as a prerequisite for bet-

ter farm management. For instance,
an improved irrigation network is
necessary for a multiple cropping
system. At present only 20 % of
the rice planting area, mostly in the
central plains, is irrigated while
the remaining 80 % is rainfed and
can only produce one crop a year.
Agricultural credit also needs to be
prompted. Farm road improvements
require a high investment cost, but
it may promise good returns.

Conclusion

On the basis of the survey it was
found that the number of tractors
was about 17 per thousand hectare
of cultivated land which was more
than double the state average. But,
use of implements was limited to
cultivator and trailer. Similarly the
uses of animal drawn and manually
operated tools were very few. How-
ever, a thresher and water lifting
pumps were 203 and 376 per thou-
sand hectare basis.

The main constraint in farm
mechanization was lack of an ex-
tension programme, farm road,
availability of implements and con-
solidation of land holdings. If this
were improved through joint efforts
it could be a boom for larger extant
of adoption of farm machinery and
implements and, simultaneously,
help in increasing the farm mecha-
nization process.
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Effect of Blade Angle and Speed of Onion Harvester

on Mechanical Damage of Onion Bulbs

by
Jafar Massah

Abstract

A blade is usually mounted on
the head of the onion harvester at
certain angle to take the bulbs out
of the soil. The blade angle and
harvesting depth have significant
effects on the efficiency of the har-
vester and also on the percentage
of the damaged onion bulbs. In this
study, a head for onion harvester
was designed and developed and
then the performance of the ma-
chine was investigated in a farm
with clay-loam soil which the plants
were planted in rows. A four bar
mechanism was used for changing
of the blade angle. The experiments
were performed at vehicle speeds
of 1.8, 2.4 and 3 km/h and the blade
angles of 12, 15 and 20 degree. A
factorial experiment was conducted
based on a randomized complete
design. The best performance of
the harvester was found at vehicle
speed of 1.8 km/h and the blade
angle of 20 degree. The percentage
of the damaged bulbs caused by the
harvester was less than the manual
method.

Introduction

Onion is one of the vegetables
which majority of the people con-
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sume every day. The large scale
onion farms need new mechanized
machines to have more productions
per certain area. Some farmers still
use the traditional method with
considerable labor costs in order to
minimize the damage of the bulbs
during harvesting. In the most of
onion harvesters, the undercut sys-
tem take the onions out of the soil,
release them on the ground and al-
lows the bulbs to lay on the surface
for curing. Undercutting operation
may involve using a straight blade
or a rotation bar (Maw and Smittle,
1986). During curing, the onion
bulbs cease to use nutrients from
the soil and proceed to enhance
flavor by mobilizing nutrients from
the tops into the bulb. Curing also
dries the skin, sealing the bulb and
reducing the likelihood of disease
organism’s entering the bulb. The
onions require careful handling in
order to minimize damages and to
enable an extended shelf life (Maw
et al., 1996). Mechanization of on-
ion harvesting has taken place over
many years (Chesson et al., 1978).
Damage can occur when the bulbs
collide with a mobile or fixed part of
the machine, by stones, soil, or the
other bulbs (Altintas and Bal, 2008).
During storage, the onions expose
to different forms of storage loss,
e.g. water loss due to transpiration,

respiration, microbial infection,
physiological disorders and activa-
tion of growth, leading to formation
roots and sprouting (Suojala, 2001).
These diseases may occurred by
damaging during harvesting.

The onion harvesting systems
involves several operations includ-
ing topping, undercutting, trim-
ming, field curing and sometimes
windrowing. Lorenzen developed
a single machine that was able to
grasp and support onion bulbs by
their tops as they were undercut and
lifted from the ground (Lorenzen,
1950). In Idaho, an infield topper
was developed that would top on-
ions before they were undercut even
after the tops were lodged or had
fallen over (Carson and Williams,
1969). A rotary knife was used to
cut the tops for each row. Fallen tops
were picked up by tined or spider
wheels. Nevertheless, Carson and
Williams recognized that variations
in onion height, top moisture con-
tent, onion quality, and soil condi-
tions affected the performance of
the topper. In a research in?field top-
ping techniques evaluated and the
rotary knife was chosen over either
a flail or sickle bar type, yet weeds
were acknowledged to choke the
mechanism (Droll et al., 1976). The
topper was mounted under a tractor
in advance of an under-cutter that
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left onions for field curing on top of
the bed. Further trimming was sug-
gested either on the harvester or at
the packing shed.

Williams and Franklin addressed
the lifting of onions from a bed
after they have been undercut and
left in the field to cure (Williams
and Franklin, 1971). A potato loader
was used for loading of onions
into bulk trucks or pallet bins on
a trailer. Experiments showed that
keeping an elevator full of onions
reduce the likelihood of damage
of those onions from rolling down
the elevator. A mechanical harvest-
ing system was developed for soft
sweet onions of the cultivar (LePori
and Hobgood, 1970). There was an
expressed need for gentle bulb han-
dling and accommodation of green
tops. Examination was done about
oscillating and rotary bar under-cut-
ters as part of a harvesting system
for sweet onions (Maw and Smittle,
1986). Analyses on onion cleanli-
ness, damage, and disturbance re-
vealed that operating the rotary bar
with a rotational speed of 540 rpm,
a depth of 25 mm below the soil
surface, and a forward speed of 6.4
km/h ensured the most favorable re-
sults. As a step towards full harvest-
ing mechanization for sweet onions
grown in Georgia which is normally
harvested by hand, an onceover har-

vester was developed (Maw et al.,
1998). Considering the availability
of existing onion harvesting sys-
tems, a research was done to exam-
ine the suitability of such harvesting
system for sweet onions which the
system consisted of undercutting
and field curing. At all stages of the
system performance the onion dam-
age was kept to a minimum level.

This paper considers the effects
of blade angle and speed of onion
harvester on mechanical damage of
onion bulbs.

Materials and Methods

A head was constructed for the
onion harvester in order to study
the effect of vehicle speed as well
as the blade angle, a, Fig. 1 of the
harvester on mechanical damages
of the onion bulbs. As shown in Fig.
2, the machine consists of chassis,
under-cutter blade and a mechanism
to change the harvesting depth.

The chassis was made in a rectan-
gular shape with dimensions of 150
cm in length, 60 cm in width and 66
cm in height. As the machine is a
semi mounted type, two in line idler
wheels were assembled at the rear
part of the machine. The under-cut
system consists of a flat blade with
20 cm in length, 30 cm in width
and apex angle of 100 degrees. The

blade cuts the soil and roots of the
onion bulbs at a desired depth, and
brings them up and release on the
topsoil. Root pruning could be ac-
complished by passing the blade just
below the base of the onion bulbs
while they are not in the same depth
level in the soil. When the blade
passes through the soil below the
onion bulbs the under-cut system
lifts and rolls them over the fingers.
The fingers with 10 cm in length
were attached at the end of the blade
with 3.5 cm distance between them
to separate the soil from the onion
bulbs. The depth and angle of the
blade were set by a four bar mecha-
nism (Fig. 3).

The main purpose of using the
mechanism was to change the har-
vesting depth. The mechanism con-
sists of a power screw (DIN 103, Tr
28 x 5), copulative arms, slider and
blade. The copulative arms adjoined
to the blade with notched part which
the size of the notch was 2 cm. The
linkage bar moves on the rail by
rotation of power screw and causes
change of the angle and depth of
blade. The depth of the blade was
related to the angle of blade which
is shown in Table 1 for some steps.

All experiments were done in a
field in Pakdasht near Tehran-Iran.
The soil of the field was sandy-
loam with 13 % moisture content

Fig. 1 The blade angle, a.

[rrmr]

Direction of
+—— motion of the

Fig. 2 The onion harvesting mechanism:

Direction of

motion of the
linkage bar

onion harvester

Soil smface

l

1) chassis,
2) under-cutter blade,
3) depth control mecha-
nism
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Table 1 The working depth of the
onion harvester at three blade angles

Blade Angle 12 15 20
(degree)
Working 24

Depth (mm)

4445 7873

during the experiments. The vari-
ety of onion was White Qom and
the harvesting head was pulled by
a Goldoni tractor. The harvester
was then operated at three vehicle
speeds of 1.8, 2.4 and 3 km/h and
three blade angles of 12, 15 and 20
degree in a randomized complete
design with three replications. Each
replication was a row with a length
of 10 m. The effects of vehicle
speed and blade angle on the qual-
ity performance of the machine was
studied regarding to damages (light
and heavy damages) and percentage
of the harvested onions.

Results and Discussion

The variance analysis for the har-
vesting onion percentage in field is

Fig. 4 The mechanism for changing of harvesting depth.

1) blade, 2) notched part, 3) linkage bar,

4) separating finger, 5) chassis, 6) power screw,

7) power nut, 8) U shape part.

Table 2 Result of variance analysis of harvesting onion percentage

Source df. ss | Ms | F
Blade Angle 2 26.96 13.48 10.11™
Vehicle Speed 2 0.29 0.14 0.11"
Blade Angle x Vehicle Speed 4 148 0.37 0.28™
Total 8 28.73

d.f: Degree of freedom; SS: Sum square; MS: Mean square; F: Statistical distribution

“significant at level 1 %

shown in Table 2. The statistical
results of ANOVA indicated that
the influence of blade angle on the
percentage of the harvested onions
was significant. While the effect of
vehicle speed and the interaction
effects of the independent variables
were not significant.

The percentage of the harvested
onions at different blade angles is
shown in Fig. 4. The percentage of
the harvested onions increased by
increasing of the blade angle but
changes of blade angle from 15 to
20 degree had no effect on percent-
age of the harvested onion.

The mechanically damaged on-
ions were divided into two catego-
ries: a) Lightly damaged onions
that scraped the external skin and

99.5 4

© 0
Mo P
thn @ th ©

o
~1

Harvesting percentage

the likelihood of disease organ-
isms entering the bulb are low and,
b) Heavily damaged onions that in
this case the internal layers of bulb
injured which causes a reduction in
quantity and quality of the onions
and an increases in the incidence of
losses and diseases during storage.

The variance analysis results
for percentage of lightly damaged
onions are shown in Table 3. The
lightly damage was influenced by
the blade angle during harvesting
operation. The vehicle speed and the
interaction effects of the indepen-
dent variables were not significant
on this factor.

The percentage of lightly dam-
aged onions is shown in Fig. 5.

For lightly damaged onions, the

Fig. 5 The percentage of onions which are lightly damaged

96.5 T

5 -
45
4 4
3.5
3
2.5
2 4
E 1.5
1 -
05

Mechanical lightly
damage (“o)

T T T T

14 16 18 20 22
Blade angle (degrees)

Fig. 6 The percentage of onions which are heavily damaged.

1]

10 12

14 16 18 20 22
Blade angle (degrees)
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Table 3 Analysis of variance of percentage of the harvested onions
which are lightly damaged

Source df. ss [ Ms ] F
Blade Angle 2 30.51 15.25 12.88™
Vehicle Speed 2 3.85 192 1.63™
Blade Angle x Vehicle Speed 4 2.37 0.59 0.50m
Total

d.f: Degree of freedom; SS: Sum square; MS: Mean square; F: Statistical distribution

“significant at level 1 %

Table 4 Analysis of variance of percentage of the harvested onions
which are heavily damaged

Source df. ss [ Ms ] F
Blade Angle 2 292.74 146.37 89.82"
Vehicle Speed 2 14.51 7.25 4.45
Blade Angle x Vehicle Speed 4 13.92 3.48 2.14ns
Total 8 323.17

d.f: Degree of freedom; SS: Sum square; MS: Mean square; F: Statistical distribution
“significant at level 1 %, “significant at level at 5 %

least damage occurred at the blade
angle of 20 degree. In 20 degree
angle the depth of blade is further
than other angles. It causes to com-
pose the bed of the soil under bulb
to avoid damages.

The variance analysis results for
percentage of heavily damaged on-
ions are shown in Table 4.

The statistical results on heavily
damaged onions indicated a signifi-
cant effect for the vehicle speeds at
1% and angle of blade at 5 %. The
interaction effects of the indepen-
dent variables were not significant
(Table 4).

The percentage of heavily dam-
aged onions is shown in Fig. 6.

For heavily damaged onions,
minimum damage occurred at
combinations of 2.4 and 1.8 km/h
vehicle speeds and blade angle of
20 degree. The interaction effects
of the independent variables were
not significant. Even though the
vehicle speed of 2.4 km/h could be
a relevant speed for harvesting. But
it is unlikely achievable for all field
conditions. The 20 degree of blade
angle showed a good response at all
vehicle speeds. Although the results
indicated that the blade angle bene-
ficially could be increased above 20
degree but the vehicle speed must
be slower than 2.4 km/h.

An amount of 45 kgf sample out
of 378 kgf manual-harvested onion
bulbs was inspected to compare the
damages between the manual and
machine harvesting methods. The
sample of manual method was taken
from the bags of onions of the same
field where the machine harvester
was used. Approximately 30 % of
the onion bulbs were found to have
either light or heavy damages. This
level of damage was more than the
onions harvested by the machine.

Conclusion

The effects of blade angle and
vehicle speed were investigated
regarding to the performance of an
onion harvester machine. The ve-
hicle speed of 2.4 km/h and blade
angle of 20 degree were chosen for
harvesting operation based upon the
damages of the harvested onions.
The harvester provided less dam-
aged onions than those harvested
manually.
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Abstract

The anthropometric analysis was
carried out to determine suitability
of major body dimensions of farm
workers (male/female) for design
of farm implements and machines.
Major body dimensions were ana-
lyzed to compute parameters name-
ly range, average, 5th, 50th and
95th percentile, standard deviation,
and covariance of each major body
measurements. Analysis of major
body dimension revealed that all the
body dimensions were similar to the
values reported by Indian research-
ers except the chest circumference
which was slightly higher than the
farm workers of western and south-
ern part of the country.

Introduction

Ergonomics is the study of de-
signing objects to be better adapted
to the shape of the human body or to
correct the user’s posture. In recent
years, ergonomists have attempted
to define postures that minimize un-
necessary static work and reduce the
forces acting on the body. All of us
could significantly reduce our risk

of injury if we could adhere to the
ergonomic principles. Ergonomics
makes use of information from the
disciplines of anatomy, demograph-
ics and physiology to measure the
physical characteristics of people
and their responses to their environ-
ments, with particular reference to
health and performance. In order to
specify systems structures, suitable
to achieve a good quality of work-
ing environment and better perfor-
mance, social and organizational
aspects of individuals and groups
are recognized as the social dimen-
sion of ergonomics. Ergonomic
engineering controls are physical
changes to a job that reduce mus-
culoskeletal disorders. Since mus-
culoskeletal disorders in the United
States are estimated to be 130 mil-
lion total health care encounters,
including outpatient, a hospital and
emergency room visit. Ergonomics
is the new guardian of the modern
day workplace.

Most of the farm operations
should be performed within a stipu-
lated period of time if optimum re-
sults or maximum crop returns are
to be obtained. This must be cou-
pled with the improvement of work-
ing conditions and performance

of jobs with ease. The design of a
machine was of paramount impor-
tance rather than its user and hence
little consideration was given to his
efficiency, comfort and safety in us-
ing equipment. With the advent of
technology, such disregards for the
human factors were no longer possi-
ble and, thus, came into existence a
relatively new area of human factors
engineering that takes care of the
human capacities, body dimensions,
equipment and related workspaces.

Anthropometry is defined as the
art of measuring human body di-
mension to a considerable accuracy.
Both the designer and the ergono-
mist have a continuing need to up-
date anthropometric data to design
and develop equipment working
situations and clothing for optimal
use, with higher degree of accuracy.
The number of anthropometric sur-
veys carried out the in the country
are very small and the dimensions
included are very specific to the
requirement. Since there is a con-
siderable difference between the an-
thropometric data of Indian and the
‘Western Population’; therefore, it
is necessary to have data on Indian
farm workers to assist in proper
farm equipment design.
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Lehman (1958) studied the relative
positioning of brake and clutch ped-
als, foot rest, steering column and
steering wheel. He concluded the
optimal direction for applied pedal
thrust must be 70 degrees with
vertical and height of seat 200 mm
(for clutch and brake pedals). He
also reported that most satisfactory
seats had a parallel seat suspension
and hydraulic damping for tractor
vibration. Kaul and Splinter (1964)
observed that tool, implement and
equipment are not worth owning
or adopting if these do not reduce
the drudgery of workers. Accord-
ing to them, relief from drudgery is
as excellent way that quantifies the
performance of an improved tool/
implement/equipment. Varma (1970)
studied the vibrational characteris-
tics of different tractor seats namely
seat having solid rubber, single and
double leaf spring and helical spring
with hydraulic shock absorber. He
reported that a seat having a heli-
cal spring (spring rate 10 kg/cm
and damping constant 0.6 to 0.8
kg.sec/cm) gave better desirable
ride comfort and a single leaf seat
gave poorest performance among
all the tested seats. Sen et al. (1977)
conducted a survey of 192 male
workers (agricultural and industrial)
of Eastern India. They found that
the body weight, chest, circumfer-
ence, hip breadth were around 5 to
10 percent higher in case of indus-
trial workers. They compared their
study with those of American and
European subjects and observed
that the Indian values were much
lower than those of western work-
ers. Gupta et al. (1983) conducted a
survey of farm workers of Punjab in
connection with the design of seats
for machines such as combine har-
vesters. They reported that workers
from Punjab were taller and heavier
than those from other parts of the
country. They also pointed out that
there was considerable difference
between workers. Gite (1992) stud-
ied on optimum handle height of an
animal drawn mould board plow

and blade harrow based on Indian
anthropometric data. He empha-
sized that with optimum handle
height the performance was higher
and more comfortable to the opera-
tor. Gite (1993) has reviewed the
work done in India during last three
decades in the field of ergonomics
applied to farm machinery and pow-
er. Available information suggested
that the quantum of work done was
rather small. However, area covered
was broad. According to him, the
awareness of the need of application
of ergonomics is increasing.

With the growth of farm mecha-
nization in Indian Agriculture, more
and more hand tools, implements
and machines are being used for
performing various agricultural
operations. All these machines are
operated/controlled by a human.
Human comfort is necessary to
design the agricultural equipment.
A well-planned anthropometric
survey depends to a large extent on
the detailed racial history and envi-
ronmental conditions of that place.
Anthropometric dimensions of vari-
ous ethnic groups in a vast country
like India will require a great effort,
sincerity and time. However, it is
extremely important to create a data
bank for a greater human-machine
interface like workspace near in-
dustrial machines, safety devices,
design of levers and controls in
vehicles and operator environment.
While it is imperative that such a
task will require a huge effort, one
needs to approach the problem from
pinpointed objectives in a quick
result oriented manner. In the pres-
ent investigation, relevant anthro-
pometric dimensions were recorded
for agricultural workers of Etawah
district of Utter Pradesh.

Materials and Methods

In the present investigation, an-
thropometric data of farm workers
(male and female) were collected
from eight villages of the Etawah

district of Uttar Pradesh. From each
village, 15-20 farm workers were
selected including 80 % male and
20 % female on the basis of their
contribution in agricultural opera-
tions for the region.

Integrated Composite Anthropom-
eter

The Integrated Composite An-
thropmeter was used to collect an-
thropometric dimensions of the farm
workers for the present investiga-
tion. The most relevant dimensions
for design of agricultural machines
were taken into consideration.

Measurement Technique

The measurements of the subjects
were taken in a minimum clothed
condition to attain the maximum
accuracy. All the lateral dimensions
were taken from the left side of the
subject and transverse dimensions
from the ground. Most of the static
anthropometric dimensions were
conventional body length or diam-
eters. These were retained not only
because they afforded standards
of comparison but because the di-
mensions like stature, weight, hand
length, foot length are the principal
dimensions on the basis of which
other dimensions can be figured.

Computation of Different Param-
eters

The anthropometric data such as
weight, stature, chest circumfer-
ence, bideltoid breadth, arm reach
from wall, sitting height, popliteal
sitting height, buttock popliteal
length, span, hip breadth sitting,
functional leg length, palm length,
foot length, manton to top of head
and eye height were determined
for farm workers (male and female)
using standard methods and instru-
ments.

Results

Anthropometric data of 15 major
body dimensions (Table 1) of 102
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Table 1 Anthropometric Analysis of Male and Female Farm Workers of Etawah District (Uttar Pradesh)
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male and 26 female
farm workers were
collected for the
present investiga-
tion for Etawah
district of Uttar
Pradesh. The de-
tailed observations
obtained are dis-
cussed.

Weight and Stature
The weight of
farm workers
ranged from 46 to
85 kg and 28 to 60
kg, respectively, for
male and female.
The 5th, 50th and
95th percentile val-
ues for men farm
workers were 50,
58 and 79.4 kg and
30, 40 and 52.3 kg
for female farm
workers. The aver-
age weight of men
was 61.3 kg and
39.7 kg for female
farm workers. The
average weight
criteria of women
showed a lower
average value as
compared to men.
The covariance and
standard variation
for male and female
farm workers were
15.07 kg and 19.6
kg and 9.6 and 7.8,
respectively. The
average value of
weight of male and
female farm work-
ers resemble the
Indian situation as
observed by various
researchers.

The stature is an
important dimen-
sion for determin-
ing several other
human dimensions.
The stature dimen-

sion ranged from 157 to 176 cm for
male farm workers and 132 to 165
cm for female farm workers. The
stature dimension was fairly homog-
enous for female farm workers. The
5th, 50th and 95th percentile values
for stature were 155, 165 and 175.3
cm for male and 141.1, 150 and 157.8
cm for female farm workers. The
covariance for farm workers was 4.1
cm and 4.42 cm, respectively, for
male and female. The average and
standard value of stature for male
and female farm workers were very
close to the values observed by In-
dian researchers.

Chest Circumference and Bideltoid
Breadth

The chest circumference for
male farm workers was 79 to 106
cm while it was 64 to 102 cm for
female. The 5th, 50th and 95th per-
centiles for chest circumference for
male workers were 84.8, 93.0 and
105 and 68, 79.5 and 97 for female
farm workers with covariance of 7.7
and 11.5 cm and standard deviation
of 7.3 and 9.2, respectively, for male
and female. The difference in aver-
age chest circumference was 9.5 cm,
which must to be taken in to consid-
eration when designing a machine
suitable for both (male and female).

The bideltoid breadth distribution
for male farm worker ranged from
40 to 51 cm and from 38 to 50 for
female. The 5th, 50th and 95th per-
centiles for bideltoid breadth were
40.7, 44 and 50 cm and 36.3, 46.2
and 53.7 cm with covariance of 7.7
and 11.7 cm, respectively, for male
and female farm workers. The stan-
dard deviation for male was 3.5 cm
and 5.3 cm for female farm workers.
The average bideltoid breadth value
was 45 cm and 45.1 cm, respective-
ly, for male and female farm work-
ers.

Arm Reach and Sitting Height
The arm reach was determined
with respect to a wall and was an
important dimension that ranged
from 78 to 95 cm for male and 67 to
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92 cm for female farm workers with
an average of 86.4 and 77.9 cm for
male and female. The 5th, 50th and
95th percentile for arm reach were
81, 84.5 and 93 cm and 70, 78.5 and
83.8 with covariance of 4.9 and 6.8,
respectively, for male and female
farm workers. The standard devia-
tion for arm reach was 4.3 and 5.3
for male and female farm workers,
respectively.

Range of sitting height was 58 to
89 cm and 66 to 81.5 cm for male
and female farm workers with 5.2
cm difference. The 5th, 50th and
95th percentile were determined to
be 59, 83 and 88.3 for male and 70,
75 and 80.9 for female farm work-
ers. The covariance in sitting height
for male and female was determined
as 10.9 cm and 5.2 cm, respectively,
with average sitting height as 80
cm for male and 74.8 cm for female
farm workers along with standard
deviation of 8.8 cm and 3.8 cm, re-
spectively.

Popliteal Height Sitting and But-
tock Popliteal Length

The popliteal height and buttock
popliteal length ranged from 40
to 59 cm and 44 to 48 cm for male
and 35 to 46 cm and 40 to 55 for
female farm workers, respectively.
The 5th, 50th and 95th percentile
for popliteal height and buttock
popliteal length were 40, 46 and 55
and 43.2, 46.2 and 49.5 cm for male;
and 36, 40 and 44.8 and 42, 48 and
51.8 for female farm workers, re-
spectively. Covariance for popliteal
height and buttock popliteal length
of male were 9.5 and 4.2 and 6.6
and 7.9 cm for female farm workers
with average popliteal height and
buttock popliteal length of 46.2 and
45.3 cm for male and 40.3 and 40.5
cm for female. The standard devia-
tion for popliteal height and poplital
length were 4.4 and 1.9 for male and
2.7 and 3.8 for female farm workers,
respectively. Comparison of data for
male farm workers of the present in-
vestigation showed slight variation
from the data obtained by Gupta et

al (1983), Gite and Yadav (1983),
and Yadav et al. (1997).

Span and Hip Breadth Sitting

The range of span and hip breadth
sitting for male farm workers was
152 to 195 cm and 23 to 45 cm and
130 to 165 cm and 21 to 44 cm for
female. The 5th, 50th and 95th per-
centile for span and hip breadth sit-
ting were 155.7, 175 and 190 cm and
25, 33 and 42 cm for male with co-
variance of 6.5 and 16.3 cm and 142,
155 and 164.3 cm and 22, 29 and
39.8 cm with covariance of 5.1 and
19.4 cm for female farm workers.
The standard deviation in span was
11.4 cm and 7.6 cm, respectively, for
male and female farm worker with
standard deviation of 5.6 and 5.7 cm
for hip breadth sitting for both (male
and female).

Functional Leg Length and Palm
Length

The functional leg length and
palm length for male farm workers
ranged form 87 to 118 cm and 7 to
11 cm with covariance of 10.2 and
11.0 cm and, for female farm work-
ers, from 82 to 103 cm and 8 to 11
cm with covariance of 6.8 and 0.9
cm, respectively. The percentiles
(5th, 50th and 95th) for the func-
tional leg length of males were 90,
100 and 117 cm and 8, 10 and 11 cm
for palm length for male farm work-
ers with standard a deviation of 10.6
and 1.0 with averages of 103 and 9.5
cm. However, percentiles (5th, 50th
and 95th) for functional leg length
and palm length of females were
83, 94.5 and 99.8 cm and 8, 9 and
4.8 for palm length for female farm
workers with a standard deviation
5.4 and 0.8 with averages of 93.4
and 9.3 cm, respectively.

Foot Length, Manton to Top of Head
and Eye Height

The values for foot length, man-
ton to top of head and eye height
ranged from 18 to 25 cm, 16 to 24
and 143 to 170 cm, respectively, for
male and 20 to 25, 16.5 to 20.5 and

121 to 159.5 cm, respectively, for
female farm workers. The standard
deviation and average values for
male farm workers were 3.1, 2.1
and 9.2 cm, respectively, for foot
length, manton to top of head and
eye height while, for female farm
workers, the values were 1.4, 0.9
and 7.3 cm, respectively. The 5th,
50th and 95th percentile values for
foot length, manton to top of head
and eye height of male farm work-
ers were 19, 22 and 25 cm, 17, 20
and 23.5 cm and 143.7, 152.05 and
169 cm. For females the values were
20.6, 22.5 and 24.4 cm, 17.5, 19 and
20 cm and 128.1, 140.0 and 145.8
cm. The covariance values for male
farm workers were 12.9, 10.1 and
59 cm and 6.2, 4.6 and 5.3 cm for
female, respectively, for foot length,
manton to top of head and eye
height with an average of 24.2, 20.3
and 155.7 for male and 22.4, 18.8
and 138.9 for female, respectively.

Conclusions

The anthropometric data related
with 72 body dimensions were
recorded for 102 male and 26 fe-
male farm workers. Out of them
only major dimensions were taken
in to consideration.

All the major body dimensions were
much closer to the analysis of In-
dian researchers except the chest
circumference (89.3 cm), which
was slightly higher than the farm
workers of western and southern
part of the country.

The 5th and 95th percentiles of
dimensions of different anthropo-
metric analyses would be helpful
while designing the farm imple-
ments and machines to provide
comfort and better work efficien-
cy to the user.

Anthropometric analysis correlate
perfectly with tractor opera-
tor’s work place layout as per 1S-
12343: 1998 test code.
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NEWS

< AMA Achieves Impact Factor of 0.0542

Thomson Reuters, an information service company handling
academic resources, has rated the impact factor for the publica-
tions in 2011. Among the other publications, AMA has at last
won the impact factor of 0.0542. Regarding the other agricultur-
al engineering magazines published in the world, this score is
rather low. However, since most of the English magazines pub-
lished in Japan do not have their impact factor rated, this should
be a good news for all the people involved in AMA. Yoshisuke
Kishida, President of AMA is looking forward to improve the
score and strengthen the power of influence.

<> The Y.Y. Kishida Prize for Dr. Mohammad Badrul
Masud

Asian Institute of Technology (AIT) has announced prize
awardees related to the institute. Dr. Mohammad Badrul Masud
was chosen as the recipient of the Y.Y. Kishida Prize in recog-
nition of his outstanding academic performance in the field of
Agricultural Systems and Engineering. The Y.Y. Kishida Prize
was established in 1992 by Mr. Yoshisuke Kishida, president of
AMA, in memory of his son, Yoshiyuki.

Dr. Masud, a Bangladeshi, obtained his M.Sc. degree, major
in Irrigation and Water Management from Bangladesh Agricul-
tural University, Bangladesh in 2009. Dr. Masud was admitted
to the AIT Master's program in August 2010 and completed his
M.Eng. degree with a thesis entitled "Projected Changes in Cli-
mate Extremes Over North Thailand."
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Abstract

Onion is one of the most impor-
tant vegetable crops grown in India.
It is grown in an area of 0.48 million
ha producing 5.46 million tones of
bulbs for local consumption as well
for export. Harvesting of onion at
correct maturity is a very important
factor in the storage life of onion,
as the bulbs may be stored for six
months. Both operations i.e, digging
and top removal are done manu-
ally, which is very tedious, time
consuming and costly. Besides, it is
necessary to complete the harvest-
ing operation within specified time
limits. Therefore, an onion detopper
was designed and developed. It con-
sisted of a chute type feeding unit,
a belt conveyor, an oscillating con-
veyor, rotating fingers and a rotating
cutter. The units were mounted on
a main frame. An electric powered
transmission system drove all mov-
ing components. The onion bulbs
were fed through a chute type feed-
ing unit to the belt conveyor that
ensured uniform transport of the
bulbs to an oscillating conveyor.
The belt conveyor had two rollers
and an endless conveyor belt mov-
ing at a speed of 0.53 ms™. The
oscillating conveyor had a frame,
round rods and a crank mechanism
to facilitate downward orientation
of onion leaves. Provision to vary
the oscillator slope and speed was
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also provided. The bulbs with leaves
in downward orientation passed
through rotating cutters. The cutter
was provided at the downward side
of the oscillating conveyor so that
the cutting could be done from be-
neath without damaging the bulbs.
The speed of the cutter could be
varied. Output capacity was 300 kg/
h and the detopping efficiency 79 %.

Introduction

In the recent years, the impor-
tance of consuming vegetables for
the maintenance of normal health
has been realized in all parts of the
world. India is the second largest
producer of onions next to China,
with an annual production of 5.46
million tones. It accounts for more
than 60 % of the total export of fresh
vegetable crops. Traditionally, the
bulbs are left in the field after dig-
ging for about a week for drying af-
ter which the tops are removed and
the crop is left in the shade again for
curing for about a week. Drying and
curing are two important processes
in harvesting of onion. The purpose
of drying the onions with the top
after pulling from the ground is to
remove excess moisture from the
outer skin and necks of the onion
in order to reduce the infection of
disease causing organisms while
minimizing the shrinkage caused by

removal of moisture from the inte-
rior. Curing is an additional process
after detopping. Curing aids in the
development of skin color and also
is practiced to remove field heat be-
fore bulbs are sorted. If tops are cut
too close, the neck does not close
well and decay organisms have easy
access to the bulb. Early harvest
results in sprouting of the bulbs and
late harvest results in formation of
secondary roots during storage.
Even though India ranks second
in area and production of vegetables,
the productivity is still quite low.
One of the main reasons for low
productivity is the high labor re-
quirement, which can be overcome
by increased mechanization. Also,
there are high post harvest losses,
which are due to unawareness of the
farmer’s with appropriate technolo-
gies for post harvest management.
Harvesting of onion at the stage of
maturity is a very important factor
in deciding storage life of the onion,
as the bulbs may be stored for about
six months. Both digging and top
removal are done manually, which
is very tedious, time consuming
and costly. Besides, it is necessary
to complete the harvesting opera-
tion within specified time limits. To
overcome these difficulties, it has
become necessary to mechanize the
onion harvesting process.
Mozaffary et al. (2004) designed,
developed and tested three onion
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toppers (flail, rotary and counter-
rotating rollers). The flail topper was
the most efficient with 87.7 percent
maximum acceptable tops at 2,000
rpm. Although a number of onion
harvesters have been developed,
very limited information is available
regarding mechanical detopping.
This study was undertaken with
the main objective to design and
develop a simple, low cost onion
detopper.

Materials and Methods

The onion detopper consisted of
a feeding unit, conveying system,
cutting unit, main frame and power
transmission system. The conveying
unit used a belt conveyor, oscillating
conveyor and rotating fingers.

The design of these components is
discussed in subsequent sections.

Feed Hopper
The feed hopper was designed
according to the Bureau of Indian
Standards guidelines on feeding
chute for threshers (IS: 15: 9129-
1979). Design criteria for the feed
hopper presented by Naravani
(1991) were followed. The following
expression was used for determin-
ing holding capacity of the hopper.
v>w/r,
where
v is the volume or holding capac-
ity of the feed hopper, m®
w is the quantity of onion crop
fed into the feed hopper during
each filling, kg
r is the bulk density of the onion
crop, kg/m?

Fig. 1 Feed hopper

dimensions in cm

For ensuring smooth and continu-
ous flow of the onion crop from the
hopper to the oscillating conveyor
the following conditions had to be
satisfied:

6h >0,

where

On is the angle of inclination of

the feed hopper to the horizon-
tal, degrees

O is the angle of friction, degrees

The feed hopper was fabricated
from 18 gauge mild steel sheet. De-
tails of the feed hopper are included
in Fig. 1.

Belt Conveyor

The belt conveyor (Fig. 2) was
provided for uniform feeding of the
onion crop to the oscillating convey-
or. The belt conveyor included two
rollers and an endless conveyor belt
of canvas material. The diameter
of the rollers was 100 mm and the
length of belt was 1,600 mm. The
conveyor belt moved on the rollers
and carried the crop to the oscillat-
ing conveyor. Changing the speed of
the belt conveyor changed its capac-
ity.

The material handling capacity of
the conveyor belt was calculated as
(Klenin et al., 1985)

q's =y L h e,

where

q'« is the material handling capac-

ity, kg s?

y is the density of the standing

crop, kg m*®

L is the length of the standing

crop, m
H is the height of the stalk layer
on the conveyor at delivery, m

u., 15 the speed of the conveyor,
mst

The speed of the belt conveyor
should be such that it should be able
to handle the material fed to hopper,
and convey it to the oscillating con-
veyor uniformly without choking it
or conveying less material than the
capacity of the oscillating conveyor.
Preliminary studies were conducted
for determining the speed of the belt
conveyor. The speed of the belt was
fixed at 0.53 m/sec after the studies.

Oscillating Conveyor

The detopper was provided with
an oscillating conveyor. The basic
requirement of this conveyor was
to orient the onions with leaves in a
downward direction so that cutting
could be done from beneath without
damaging the bulbs. It was the most
critical component of the detopper
as the performance of the detopper
largely depended on the design of
the oscillating conveyor.

The oscillating conveyor had a
frame, round rods and crank mecha-
nism. The rods (8 mm diameter)
were placed longitudinally with 25
mm spacing between them, which
would facilitate desired orientation
of the leaves. The onion leaves, in
downward direction, moved into
the space between the rods and
moved along the length to the cut-
ting unit. The distance between the
rods was less than the diameter of
the smallest onion. The frame of the
oscillating conveyor was connected
to a connecting rod so that the os-
cillating motion of the conveyor
was provided by an eccentric crank

Fig. 2 Top view of onion detopper
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mechanism.

The important parameters deter-
mining the conveying efficiency of
the oscillating conveyor were its
slope, length and speed of oscilla-
tions and spacing between rods. Pro-
vision was made to vary the slope
and speed of oscillations. Slope of
the oscillating conveyor was varied
with two screw jacks mounted on
the main frame.

The frame was fabricated from 40
x 40 x 6 mm mild steel angle iron
and was mounted on the main frame
on roller bearings to provide smooth
oscillations. The mild steel round
rods 8 mm diameter were fixed on
the oscillating conveyor frame. The
stroke length of the crank was 25
mm. The oscillation of the conveyor
could be varied from 400 to 600
rpom. The details of the oscillating
conveyor are shown in Fig. 2.

Fingers

During movement of the crop on
the oscillating conveyor some of
the tops were not oriented in the
downward position. Some tops were
laterally placed and could not get
into the spacing between rods. Such
bulb tops moved laterally. The rotat-
ing fingers were therefore provided
to pull the tops of the onion crop
through the gap between the rods
fixed on the oscillating conveyor.
The length of these fingers was such
that it just pulled the tops down
through the rods on the oscillating
conveyor without disturbing the mo-

Fig. 3 Details of cutting unit

dimensions in cm

Blade

tion of the onions to the cutting unit.
The speed of the fingers was 0.23 m/
sec. The 160 mm long fingers were
made of 2 mm diameter mild steel
rod and were mounted on a shaft at
a distance of 65 mm. The position
of the fingers can be seen in Fig. 2.

Cutting Unit

The cutting unit (Figs. 3 and 4)
was required to cut away the top of
the onions. It was designed to cut
the leaves with minimum damage to
the bulb. A rotary cutter consisted
of two blades and was positioned
below the oscillating conveyor to-
wards the rear end. When the onion
bulbs with tops in the downward po-
sition reached the rear end of the os-
cillating conveyor, the tops became
detached from the bulb by the rotat-
ing blades of the cutter. The blades
were 75 x 45 x 1 mm flat mild steel.
For efficient cutting of unsupported
stalks, the cutter speed of between
6 and 10 m/sec was recommended
(Klenin et al., 1985).

The power required to overcome
the forces of resistance to the mo-
tion of the knife was obtained from
Klenin et al. (1985)

A= (P xv) /1000,

where P is the resistive force,

v is the knife speed, m s*

The details of the cutting unit are
given in Fig. 3.

Main Frame
The main frame was fabricated
from 40 x 40 x 6 mm mild steel

Fig.4 Rotary cutter

angle iron for mounting the hopper,
belt conveyor, oscillating conveyor,
blades, fingers and electric motor.
The length, width and height of the
main frame were 2,440, 300 and
600 mm, respectively. The feeding,
oscillating and cutting units were
assembled on the main frame. The
overall length, width and height
of the machine were 2500 x 600 x
1350 mm.

Power Transmission System

The belt conveyor, oscillating
mechanism, fingers and cutter pro-
vided motion for the conveying on-
ion crop from the feeding hopper to
the cutter. The belt conveyor moved
in a clockwise direction. The oscil-
lating conveyor was given oscilla-
tions with belt, pulley and cam. The
fingers provided motion via belt and
pulley in a counter-clockwise direc-
tion. The cutter was driven by a belt
and pulley. Power was provide by
two a.c. electric motors. The two
a.c. motors were used for the experi-
mental testing of the detopper. How-
ever, in the final prototype only one
motor was used. A 1.5 horse power,
three phase a.c., 925 rpm motor was
used to drive the belt conveyor, os-
cillating conveyor and fingers. A 2.0
horse power, single phase 1,440 rpm
motor was used to drive the cutter.

The onion detopper prototype was
developed and tested at the Indian
Agricultural Research Institute,
Delhi in the Division of Agricultural
Engineering. The tests on the exper-
imental detopper were conducted on
onion variety NP -53. The studies on
crop-machine variables relevant to
study were conducted at the
maturity stage of the onion
crop. The average moisture
content of the bulb for small,
medium and large bulbs was
85.76, 86.72 and 85.66 per-
cent, respectively. The aver-
age moisture content of the
tops was 76.99, 72.20 and
71.60, respectively, percent
for small, medium and large
size bulbs.
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Table 1 Plan of experiment on onion detopper

Level of variables

Performance parameter

Oscillating Slope, degrees - 1.0,1.5 and

conveyor 2.0 Oscillation, rpm- 400,
500 and 600

Cutter Blade, rpm -500, 1000 and
1500

Crop size Small- < 40 mm Medium- 40
to 60 mm Large- >60 mm

Conveying efficiency
Cutting efficiency
Height of cut

Total losses
Detopping efficiency

Plan for Evaluation of the Final Pro-
totype
The final prototype was evaluated
as planned in Table 1.
The performance of the final
prototype onion detopper with the
recommended specifications was
evaluated and performance and eco-
nomics were compared with manual
detopping.
1) Conveying Efficiency:
The efficiency of the oscillating
conveyor was calculated to deter-
mine how well the onion crop was
conveyed with tops in the downward
position. It was defined as follows:
Conveying efficiency, % = [a /( a
+ b)] x 100,

where

a is the total number of onions
conveyed to cutter with onion
tops in downward position

b is the total number of onions

conveyed to cutter with onion
tops not in downward position

The conveying efficiency was
measured by counting the total
number of onion bulbs fed into hop-
per and total number of onion bulbs
reaching the cutter with tops in
downward position through the rods
fixed on the oscillating frame.

2) Cutting Efficiency:

Cutting efficiency was calculated
as follows.

Cutting efficiency, % = (c/a) x 100,

where

c is the total no of onion tops cut

by the cutter

a is the total number of onions

conveyed to cutter with onion
tops in downward position

Cutting efficiency was calculated
by counting the number of onion
tops reaching the cutter with tops in
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a downward position and the num-
ber of onions cut by the cutter.

3) Detopping Efficiency:

Detopping efficiency indicated
overall efficiency of the machine.

Detopping efficiency, % = [Con-

veying efficiency (%) x Cutting
efficiency (%)] / 100

4) Height of Cut:

The height of cut was measured
for each onion bulb in the treatment
by a measuring scale and average
height of cut.

5) Total Losses:

The losses due to machine detop-
ping were compared with manual
detopping of onion leaves. The on-
ion bulbs after detopping were kept
in an onion storage shed of the Divi-
sion of Agricultural Engineering at
IARI, New Delhi. The weights of
the bulbs under different treatments
were taken after three weeks of stor-

age.

Results and Discussion

The combination of the values of
the variables; size of onion bulb,
speed and slope of the oscillating
conveyor and blade speed for op-
timum height of cut influenced the
performance of the detopper: Table
2.

From Table 2, the mean convey-
ing efficiency was 94.57, 89.38 and
83.70 percent for small, medium and
large of onion bulbs, respectively. It
was observed that the conveying ef-
ficiency decreased with increase in
size of the onion bulb, slope and fre-
quency of oscillations. The cutting
efficiency decreased with increase
in slope and speed of oscillation.
It increased with increase in blade
speed. The mean cutting efficiency
for small, medium and large sizes
of onion bulbs was 96.73, 95.56 and
95.12 percent, respectively. The
detopping efficiency decreased with
increase in slope and frequency of
oscillations of the conveyor. As the
size of the onion bulbs increased the
detopping efficiency decreased. The
detopping efficiency increased with

Table 2 Marginal mean at different Level of variables

level of Marginal mean
variables Height of cut, Conveying Cutting Detopping
cm efficiency, % efficiency, % efficiency, %
Slope, degrees
1.0 1.93 91.60 99.01 90.81
15 2.04 90.12 95.49 86.35
2.0 2.08 85.93 92.90 79.26
Size of bulb, mm
<40 164 94.57 96.73 91.40
40- 60 2.15 89.38 95.56 85.42
> 60 2.26 83.70 95.12 79.59
Blade speed, m/sec
8 1.90 NA 92.96 81.36
10 2.01 NA 97.16 87.65
12 214 NA 97.28 87.41
Oscillation, strokes/sec
12 1.93 91.11 97.96 89.18
16 2.02 93.83 95.56 89.63
20 2.10 82.72 93.89 77.60




increase in blade speed. The total
loss due to machine and operational
parameters was less than 5 percent.
This low level of loss was essen-
tially due to the fact that the onion
bulbs did not come in contact with
the rotating blades. The height of
cut was significantly influenced by
slope, blade and oscillating speed
and size of bulbs. The height of cut
increased with slope. The height of
cut increased with increase in blade
speed and frequency of oscillations
at all combination levels of vari-
ables.

The slope of 1.0 degree, blade
speed of 1000 rpm and speed of
oscillation 500 rpm were recom-
mended for the final prototype for
all the three sizes of onion bulbs at
harvesting stage.

Based on above results a final pro-
totype was designed and evaluated
at this optimum set of variables.
The unit is shown in Fig. 5. It gave
a height of cut 22 mm, detopping
efficiency 79 % and damage of 2 %.
The capacity of the detopper was
3.0 g/h and cost of operation 29.62
Rs/h.

Fig. 5 Onion detopper (Front view)
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The cost of detopping per quintal
with the prototype and conventional
method was Rs 9.87 and 15.37, re-
spectively. The saving in the cost of
detopping of a quintal of onion crop
with the use of the detopper was Rs
5.50, 35.77 percent of the cost as-
sociated with conventional method.
The break-even point for the onion
detopper was 88.51 hour, which was
44.26 percent of the annual utility.
The pay back period of onion detop-
per was 1.80 year.

Conclusion

The overall performance of the
machine for all sizes of onion bulbs
was best at a slope of 1.0 degree,
blade speed of 1,000 rpm and oscil-
lation of 500 rpm. Height of cut of
onion top, detoppping efficiency,
damage, capacity and cost of opera-
tion was 22 mm, 79 %, 2 %, 300 kg/
h and 29.62 Rs/h, respectively.
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Adoption of Skill Enhancement Techniques

and Quality Improvement in Manufacturing of

Agricultural Implements in Madhya Pradesh, India

by
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Abstract

A study was conducted to ascer-
tain the extent of use of different
sources of information for product
identification, improvement of skill
and production techniques for ag-
ricultural implements, the expec-
tations of manufacturers and the
constraints faced and the adoption
of improved manufacturing prac-
tices. Information was collected on
a sample of 118 manufacturers from
18 districts of the state of Madhya
Pradesh in Central India. The study
revealed that the large category
manufacturers with the largest es-
tablishment and highest turnover of
more than Rs. 4 million were in a
advantageous position with easy ac-
cess to information, strong linkages
with government agencies, initia-
tives taken for improvement of skills
and production technologies and
higher investment capability. This
enabled them to obtain the lion’s
share of the market as compared to
small and medium firms manufac-
turing agricultural implements.

K.P. Saha

Central Institute of Agricultural Engineering

Nabibagh, Berasia Road, Bhopal, INDIA

Introduction

In India, agricultural implement
manufacturing is a significant
segment of the small scale manu-
facturing sector. The agricultural
implement manufacturing activity
in registered small scale industries
is comprised of 28 clusters spread
over 7 states; i.e. Punjab, Rajasthan,
U.P. West Bengal, M.P., Gujarat and
Karnataka. According to the third
All India Census for Small Scale In-
dustries (2001-02), there were 18354
units engaged in agricultural imple-
ment manufacturing activity with a
gross output of 6,632.4 million per
annum. This segment also provided
employment to about 45 thousand
persons and generated foreign ex-
change of about 69 million US$
through export of agricultural im-
plements (Arora, 2005). Apart from
this, a larger number of agricultural
implement manufacturing units be-
long to the unregistered small-scale
industry segment. Though their
average gross output and earning
from export is less than that of the
registered segment, they still play a
significant role in providing employ-
ment to a large component of skilled

M s.P Singh

manpower.

The agricultural implement man-
ufacturing industries in the state of
Madhya Pradesh, located in Central
India, mainly belongs to an unor-
ganized or semi-organized sector,
along with rural craftsmen and ar-
tisans; mostly manufactures of con-
ventional agricultural implements
and hand tools. However, with the
rapid modernization of the agricul-
tural sector and mechanization of
farm operations, new and improved
agricultural implements are coming
into the picture as an outcome of
sustained research and development
efforts (Singh and Saha, 2006).
Therefore, the manufacturers have
taken up the production of such
agricultural implements to meet the
demand. However, without any of
their own research and development
activity, they are mostly dependent
on the government research organi-
zation and their extension services
for getting information on such de-
velopment. Sometimes they also rely
upon the direct feedback collected
from their customers; i.e. farmers,
for identification of new implements
to be manufactured. The socio-eco-
nomic profile of the manufacturer
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also governs access to available in-
formation, linkage with government
organizations, capability of continu-
ous improvement in human skills
and adoption of new manufacturing
technologies to survive in an era of
aggressive competition.

It is important to examine the
access to information of the manu-
facturers for product identification
and development, their expectation
of cooperation from government
research and development organiza-
tions, capability for skill improve-
ment and quality upgrading and
adoption of new manufacturing
technologies for agricultural imple-
ments.

Fig. 1 Percentage of manufacturers in
Different Categories

[ ] Small (Up to '1 million)
B Medium (1 to 4 million)
[ Large (> '4 million)

Fig. 2 Average floor area (m?) for different categories

of manufacturers
Average floor area (m?)
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Category of Manufacturers

Materials and Methods

The state of Madhya Pradesh has
50 districts out of which 18 districts
were randomly selected. A total of
118 manufacturers participated in
the study and responded to the cor-
respondence. The data were collect-
ed from the manufacturers on their
socio-economic profile, types of im-
plements manufactured, constraints
faced in the business, access to
information sources, linkages with
and aspirations from government
organizations, skill improvement,
quality upgrading techniques and
adoption of improved manufactur-
ing practices by using a pre-tested
proforma through direct personal
interviews.

Results and Discussion

All the manufacturers covered in
this study were divided into three
groups according to their annual
turnover in rupees; i.e. small (hav-
ing annual turnover less than 1 mil-
lion rupees), medium (annual turn-
over between 1 to 4 million rupees)
and large (more than 4 million ru-
pees). The distribution of the manu-
facturers into different categories of
annual turnover is depicted in Fig.
1. The small manufacturers were in
the majority with 47 percent share

of the total population. Medium and
large manufacturers contributed 36
percent and 17 percent to the total
population of manufacturers of agri-
cultural implements.

The average floor area of the pro-
duction workshop for different cate-
gories of manufacturers is presented
in Fig. 2. With an increase in the
business turnover, the size of manu-
facturing yards have been increased
by many times.

The average number of regular
employees and the manufacturing
experience of the manufacturers
in years are shown in Fig. 3. The
large manufacturers employed more
skilled workers for scaling up the
production as compared to small
and medium manufacturers though
the average manufacturing experi-
ence among different category of
manufacturers was similar.

The different types of agricultural
implements manufactured by these
manufacturers are described in
Table 1. The manufacturers focused
more on the commonly tractor oper-
ated implements like the cultivator,
seed drill, thresher and trailer with
an increase in business volume. The
same trend was observed for other
tractor operated implements like the
mouldboard plough, disc harrow,
land leveller and reaper. However,
the manufacturing of such imple-
ments was given less priority by

Fig. 3 Average number of regular employee and

manufacturing experiences (years) of the manufacturers

25 Value
W Average regular employee 226
] Average manufacturing experience (years) :
200" 18.4
163 L
15—
10—
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0 .A 1 L
Large Small Medium Large

Category of Manufactures
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Table 1 Types of agricultural implements being manufactured

Name of the implement

Percentage of manufacturers taken up

Small [ Medium | Large
Tractor drawn mouldboard plough 27.3 46.5 60.0
Tractor drawn cultivator 818 90.7 95.0
Tractor drawn disc Harrow 109 16.0 25.0
Tractor drawn land leveller 9.1 28.0 35.0
Tractor operated Seed drill 63.6 88.4 95.0
Tractor operated reaper 7.3 9.3 15.0
Tractor / power operated thresher 63.6 721 95.0
Tractor Trailer 63.6 79.0 90.0
Animal drawn plough 3.6 2.3 5.0
Animal drawn seed drill 21.8 139 5.0
Bullock cart 20.0 - 5.0
Manually operated weeder 10.9 9.3 -

Table 2 Constraints faced by the manufacturers

Type of constraints faced Small Medium Large
Shortage of electricity supply 94.55 93.02 85.00
Shortage of working capital 92.73 88.37 40.00
Lack of continuous demand / seasonal 89.09 81.40 60.00

demand
Lack of technical know-how and tools 78.18 79.07 30.00
Marketing problems 76.36 76.74 40.00
Management problems 60.00 39.53 70.00
Labour related problems 50.91 48.84 70.00
Non-availability of raw material as per 45.45 4419 20.00

quality or time

Table 3 Access to information for identification of new product

Source of information

Access by percentage of manufacturers

Small \ Medium \ Large
Electronic Mass Media 0.00 2.33 5.00
Print Media 16.36 18.60 40.00
Farmers’ / Clients’ Feedback 89.09 83.72 85.00
Government Extension Services 5.45 6.98 35.00
Dealers 0.00 0.00 25.00
Farmers’ Fair / Agri. Expo 38.18 4419 70.00
Internet and worldwide web 0.00 0.00 5.00

Table 4 Linkages and expectations from government organizations

Particulars Small | Medium [ Large

Guidance for development of new 9.09 16.28 40.00
machines

Technical support for product 10.91 16.28 50.00
improvement

Training for skill improvement of 50.91 72.09 85.00
workers

Material and product quality testing 5.45 6.98 75.00

Standardization of the developed 0.00 2.33 40.00
implement

Certification of the developed 5.45 6.98 70.00

implement

most of the manufacturers, as these
were less preferred implements
for the farmers of this region. The
manufacturers rarely preferred the
manufacturing of animal drawn im-
plements due to very low demand.

The manufacturers of agricultural
implements have expressed a diver-
sified opinion regarding constraints.
The majority of the small and me-
dium manufacturers identified the
interruption in electricity supply,
shortage of working capital, lack of
adequate demand, lack of technical
know-how, tools for sophisticated
manufacturing techniques and mar-
keting problems for new implements
as major constraints faced in the
business. The large manufacturers
were only concerned about erratic
electricity supply, management of
business in highly competitive mar-
kets and labour problems in terms
of supply and cost of skilled man-
power in their day to day business
(Table 2).

The level of awareness among the
manufacturers for using information
as a tool for business promotion was
very limited. The use of electronic
and print media for accessing the in-
formation is quite low as only a few
manufacturers of medium and large
category use such sources. Most of
the manufacturers mainly depend
on opinion and feedback collected
from the clients and farmers and oc-
casional visits to agricultural expo
and farmers’ fairs organized in their
locality for getting exposure to new
and improved agricultural imple-
ments. Sometimes large manu-
facturers gather information from
extension services of government
departments and network of dealers
supplying agricultural machinery to
the farmers (Table 3).

During interaction, the expecta-
tions of the manufacturers of agri-
cultural implements from govern-
ment agencies were discussed. The
willingness of the manufacturers for
establishing linkage with govern-
ment agencies for various develop-
mental purposes was also examined.
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Table 5 Improvement of skills and quality up-gradation for products

Particulars Small | Medium | Large
Products manufactured on the basis of drawing 0.00 0.00 33.33
Loan taken for investment on scaling up of 3.64 11.63 80.00
production
Willingness to enhance the production capacity 3.64 9.30 75.00
of the workshop
Certificate / test report acquired for developed 1.82 4.65 75.00
products
Implements testing conducted before marketing 5.45 6.98 75.00
Trainings arranged for the skilled workers 0.00 2.33 30.00
Table 6 Adoption of improved production technologies
Particulars Small \ Medium \ Large
Arc welding set 100 100 100
Gas welding 45.4 48.8 66.7
Electric Portable drill 90.9 95.3 100.0
Bench drill 41.8 419 80.0
Piller drill 12.7 23.3 95.0
Radial drill 0.0 4.7 35.0
Portable grinder 87.3 69.8 80.0
Bench grinder 9.1 18.6 100.0
Lathe machine 61.8 62.8 85.0
Hand saw 10.9 20.9 10.0
Power saw 18.2 419 75.0
Power Press 36.4 58.1 90.0
Compressor 7.3 37.2 60.0
Furnace 16.4 279 55.0
Bending machine 55 16.3 55.0
Profile machine 0.0 0.0 15.0
Shaping machine 18 11.6 55.0
Hand Shearing machine 25.5 11.6 30.0
Spray painting gun 38.2 51.2 70.0
Milling machine 18 11.6 90.0

It can be seen from Table 4, that
small and medium manufacturers
show little willingness for taking
guidance and technical support for
development of new machines or
product improvement. The inclina-
tion of large manufacturers towards
these activities was considerably
higher. This may have been because
of availability of limited resources
and very low market share for the
small and medium manufacturers.
The majority of the manufacturers
from all categories were eagerly
interested in obtaining training
of their workers with government
agencies. This results further point-
ed out that only large manufactur-

ers were interested for material and
product quality testing, standardiza-
tion of the developed implements,
and certification of the developed
implements because they have a
large market share. Sometimes this
becomes necessary in getting their
products subsidy from governments
for supplying to the farmers through
agro-industrial development corpo-
rations of various states.

Table 5 clearly shows that only
large manufacturers are interested
in improvement of skill and qual-
ity up gradating of products as they
have better infrastructure, higher
annual turnover, market reputation
and higher investment capacity.

These are the factors that make the
large manufacturers capable of en-
hanced production capacity in their
workshop. They are also capable of
taking a loan for scaling up of pro-
duction capacity and employ skilled
manpower with ability to manufac-
ture the implements on the basis of
a design drawing while, the small
and medium manufacturers only use
a sample piece to make the similar
machines. Hiring of skilled man-
power is out of reach of the small
and medium manufacturers. Some
large manufacturers have large
farmlands (on ownership or hiring
basis) for testing of their imple-
ments, whereas small and medium
manufacturers cannot afford this.
As a consequence, improvement
of skills and quality upgrading of
manufactured products is taken up
only by the large manufacturers.

Examining the extent of adoption
of improved production technolo-
gies reveals that common workshop
tools like arc welding, drilling ma-
chine and grinders are commonly
available with most of the manu-
facturers of all categories. How-
ever, the adoption of specific types
of tools is solely governed by the
manufacturing capacity. The table
also shows that some high capacity
machines like a lathe, power press,
compressor, saw and spray painting
gun were used by the manufactur-
ers. Sophisticated facilities like a
milling machine are available with a
majority of large manufacturers but
small and medium have their mill-
ing work done by outside sources
(Table 6). Overall, manufacturers
across different categories have
adopted varying levels of improved
manufacturing practices as per their
requirement.

Conclusions and Sugges-
tions

It can be concluded from the study
that the size of a manufacturing unit
and its annual turnover is the sole
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crucial factor determining the extent
of access to information sources,
linkage with research and develop-
ment organizations, skill improve-
ment and quality up grading for
developed products. However, ex-
posure to improved technical know-
how through trainings and manu-
facturers meeting with research
organizations and support from the
government in terms of subsidizing
improved implements suitable for
marginal and small farmers may

also be helpful for a large number of
small and medium manufacturers of
agricultural implements.
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Power-Efficient Method of Tillage and Its Technology
Model: A. Tukhtakuziev, Republic of UZBEKISTAN; A. N.
Khudoyorov, same.

At present time soil tillage for sowing and crops prepa-
ration are mainly put into practice by means of traditional
technologies and engineering tools, that is plowing firstly,
harrowing and leveling secondly, after which ridges are
cut. Such multi-step tillage provokes big labor inputs,
expenditure of energy and fuel, delays sowing time that
results in yield drop of agriculture.

On the assumption of the above-stated we have de-
veloped a new tillage technology model for cotton-plant
sowing and a component unit for its implementation.

The engineered unit is composed of (Fig. 1) chassis
1 with mounted element 2, rippers 3, fertilizer plows 4,
ridge-forming tools 5, chemical fertilizers feeder 6 and
support wheels 7.

The unit in a run mellows the bottom of the last years’
irrigation furrows at a depths of 30-40 cm (Figs. 2a and
2b), moulds the old ridges in furrows, moulds new ridges
(Fig. 2c) dressing them with two-layer strip of chemi-
cal fertilizers. In that way, the new ridges are cut due to
demolition of the old ridges and soil slip to the area of old
ridges (Fig. 2a). At the same time a layer of loose soil of
55-65 cm depth is formed as compared to 30-40 cm in
the case of plowing. In spring the ridges are touched up
and chemical fertilizers are dressed for cotton-plant sow-
ing. Thus there is no need to carry out such traditional
operations as harrowing, chisel plowing and leveling.
Consequently, fuel consumption and labor inputs are re-
duced.

Soil tillage is carried out sinusoidally along the frontal
projection. Because of this the soil structure is disturbed
only once in two years. Loose soil area is formed under

The ABSTRACTS pages is to introduce the abstracts of the article which cannot be published in
whole contents owing to the limited publication space and so many contributions to AMA. The readers
who wish to know the contents of the article more in detail are kindly requested to contact the authors.

the ridge that ensures moisture keeping in the zone of the
plant root system, as well as saving of irrigation water
consumption.

Realization of the new tillage technology gives an op-
portunity to reduce 1,3 - 1,4 times labor inputs and fuel
consumption for soil tillage for cotton-plant sowing.

1|

Fig. 1 Component Unit Design

a- ridges before the

unit run;

b- unit operating

procedure;

c- generated new
ridges

a- ridges before the unit run; b- unit operating procedure;
¢~ generated new ridges

78 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA, AND LATIN AMERICA 2012 VOL.43 NO.3



Flow Characteristics of a Wall-Attaching Offset Jet
in a Complete Fluidic Sprinkler

by
Xingye Zhu Shougi Yuan Hong Li
Post doctoral fellow Professor Professor

Junping Liu
Ph. D student.

Research Center of Fluid Machinery Engineering & Technology,
Key Laboratory of Modern Agricultural Equipment& Technology,
Ministry of Education & Jiangsu Province,

Jiangsu University, Zhenjiang 212013, Jiangsu, CHINA
zhuxy@ujs.edu.cn

Abstract

An offset jet was used to de-
velop a complete fluidic sprinkler.
Although studies of the develop-
ment and water distribution of this
sprinkler have been reported in the
literature, the flow field of an offset
jet within this sprinkler type has
remained largely unexplored. A
mathematical model simulating the
inner flow of this sprinkler type was
established using computational
fluid dynamics. Numerical simula-
tions and experimental studies were
performed to gain insight into the
convective flow characteristics of
the sprinkler. A detailed study of the
relationship between the flow rate
and the pressure in the eddy section,
as well as the position of the reat-
tachment region, in this sprinkler
type was presented. The average
deviation between numerical simu-
lation and experimental results was
less than 5 percent. The numerical
simulation obtained in this study do
reflect the inner flow of a complete
fluidic sprinkler.

Introduction

The number of crises resulting
from water shortages will continue
to increase well into 21st century.
As an agricultural country, China
must develop water-saving agri-
cultural technologies. Sprinkler
irrigation has been used as a major
method of water conservation. The
sprinkler, which is a key device of
an irrigated system, directly impacts
irrigation performance. Today, the
impact-style sprinkler, which was
invented by the Rainbird and Nelson
companies in the United States in
1933, is popular all over the world.
After the 1960s, the impact sprin-
kler developed rapidly in America,
Russia, and Israel, and has since
become used universally in agricul-
ture (Frederick, 2009 and Nelson
Irrigation Corp., 2002).

China first started using water-
saving devices in 1954. Gan invent-
ed the self-controlled step-by-step
complete fluidic sprinkler in 1980.
In 1981, Fuzhou University invented
another complete fluidic sprinkler
that controlled itself by feedback.
In 1990, Hang et al. invented and
began selling the double-strike syn-

chronism complete fluidic sprinkler;
however, due to several technical
problems, it was not successful on
the market. In 2005, the Research
Center of Fluidic Machinery Engi-
neering and Technology at Jiangsu
University invented the PXH-type
gap-controlled complete fluidic
sprinkler (Zhu and Yuan, 2008). To-
day, the impact sprinkler is widely
used all over the world, but its struc-
ture is somewhat complicated. The
complete fluidic sprinkler is much
simpler than the impact sprinkler
and may become a substitute for the
impact sprinkler in the near future.
A wall-attaching offset jet can
frequently occur in complete fluidic-
type sprinklers. Several theoreti-
cal and experimental studies have
investigated the complete fluidic
sprinkler (Yuan et al., 2006 and Zhu
et al., 2009); however, no previous
research has investigated the flow
characteristics of the inner flow.
The purpose of this study was to es-
tablish a mathematical model for the
inner flow of the complete fluidic
sprinkler using computational fluid
dynamics. The results of the present
work provide a detailed description
of the flow characteristics in the pre-
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attachment region of the complete
fluidic sprinkler. Numerical simula-
tion and experimental results are
compared. These results should aid
in the understanding and modeling
of the curvature and impingement
effects in complete fluidic sprin-
klers.

Working Theory

The working theory of the com-
plete fluidic sprinkler primarily de-
pends on the Coanda effect, as de-
picted in the schematic diagram of
the wall-attaching offset jet in Fig.
1. When the jet is discharged from
nozzle D, there is a reduction in
pressure in area I. The jet is forced
to deflect towards the boundary and
eventually attaches to it. The jet
develops in the wall jet region after
its reattachment to the wall. This
phenomenon is referred to as the
Coanda effect (Coanda, 1936).

Numerous studies have investigat-
ed the wall-attaching offset jet. Pal-

Fig. 1 Offset jet flow geometry

area [

frey and Liburdy (1986) studied the
mean flow characteristics of a tur-
bulent offset jet. Borgue, and New-
mawn (1960) studied the mean flow
characteristics of a wall-attaching
offset jet. Hoch and Jiji (1981) nu-
merically predicted the jet trajectory
and jet reattachment length. Song et
al. (2000) studied the flow and heat
transfer characteristics of a two di-
mensional jet. Wang and Lu (1996)
studied the basic theory of the flu-
idics of wall attachment, although
their research was based only on
two-dimensional flow. No previous
studies in the literature have investi-
gated three-dimensional flows, and,
therefore, three-dimensional wall-
bounded flows were investigated in
this paper.

Figs. 2 and 3a depict an image
and the geometry of the complete
fluidic sprinkler, respectively. As
shown in Figs. 3a areas 1 and 2
widen sharply from nozzle D. PL
and PR represent the pressure in the

Fig. 2 The complete fluidic sprinkler

Nozzle D

Pre-attachment (Impingment

~ Wall jet

region region

region

Fig. 3 Statistical conditions of the complete fluidic sprinkler

.

a) Straight main flow jet. b) Main flow jet reattached to the right side. c) Main flow jet
reattached to the left side.

1-Reversing blowdown nozzle, 2-Signal nozzle 1, 3-Flowing duct, 4-Plate cover,
5-Signal nozzle 2, and 6-Fluidic element.

Signal flow

i

left and right sides of the sprinkler,
respectively. When the jet is dis-
charged from nozzle D, PL and PR
are less than atmospheric pressure.
When the Coanda phenomenon
occurs, the jet impinges upon the
sprinkler and causes it to rotate.
The process of sprinkler opera-
tion is as follows: water is ejected
into the working area from nozzle
D. A low-pressure eddy area forms
on both sides of the working area.
Air flows into the left side from
the reversing blowdown nozzle and
into the right side from gap C. The
main flow jet is straight because the
pressures are equal on both sides,
and, thus, the sprinkler remains
stationary, as shown in Fig. 3a.
In the meantime, the signal flow
that is received from signal nozzle
1 fills up gap C to make the right
side a low-pressure eddy. The main
flow jet is bent toward the bound-
ary and is eventually attached to it
because the left pressure is much
larger than the right pressure. The
sprinkler is driven to rotate
by the chamfer of the plate
cover, as shown in Fig. 3b.
The main jet flow bends to
the right such that signal
nozzle 1 cannot receive any
flow. As water in the flowing
duct is pulled out, the nega-
tive pressure between the left
and right sides disappears.
The main flow jet becomes
straight again, resulting in
the sprinkler becoming sta-
tionary again. This phenom-
enon is repeated step-by-step, and
the sprinkler achieves a stepwise
rotation in sequence by self-control.
The reversing blowdown nozzle
is filled when the sprinkler step is
confined. The main flow jet is reat-
tached to the left plane, andandand
the sprinkler rotates to the opposite
direction because the right pressure
is much larger than the left pres-
sure, as shown in Fig. 3c. When the
sprinkler rotates to the other side,
the reverse blowdown nozzle opens,
and air comes into the left side to
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equalize the pressure again. The
complete fluidic sprinkler achieves
its stepwise rotation in sequence and
reversal by self-control.

Materials and Methods

Experimental Setup and Procedure

An experimental investigation of
the jet-boundary interaction prob-
lem was conducted in an indoor
laboratory at the Research Center
of Fluid Machinery Engineering
and Technology (State of Jiangsu,
China). A photograph of the flow
system is depicted in Fig. 4. Figs
4a, b and c depict the sprinkler irri-
gation system, pressure transducer,
and wall-attaching offset jet in the
sprinkler, respectively. A centrifu-
gal pump was used to supply water
to the sprinkler irrigation system
from a reservoir maintained at a
constant level. The maximum flow
rate obtained under this arrange-
ment was approximately 9,180 L/
h, with an operating pressure of
500 kPa, which was controlled by
a pressure regulator. A lower flow
rate was produced by adjusting the
valve in the main pipe. The flow
rate was measured using a laminar
flow element, which was accurate
to percent over the flow rate range
desired. A detailed description of
the sprinkler system can be found
in Tang et al., 2006. As shown in
Fig. 4c, by using the current regu-
lator, flow disturbances were kept
at a minimum. Water flow exited
nozzle D, discharged above a hori-

zontal flat, and was contained by
two sidewalls in the flow direction.
The sidewalls began at nozzle D
and continued to the plate cover,
which was 0.3 m downstream of the
nozzle exit. The two sidewalls con-
tained the pressure transducer used
to measure the static pressure dis-
tribution. The pressure transducer
was connected via a data circuit to
a computer. The uncertainty of the
wall pressure distribution was cal-
culated to be percent (Sourell et al.,
2003 and Tarjuelo et al., 1999).

Mathematical Model

A finite limited volume was ap-
plied to simulate the inner flow
characteristics of the complete flu-
idic sprinkler. The computational
fluid dynamics method was applied
to calculate the relationship between
the flow rate and inner pressure, as
well as the position of the reattach-
ment region. The models were as
follows (Yuan et al., 2005):

Governing Equations

The turbulence model (Rodi,
1984 and Hossian and Rodi, 1986)
is one of most widely used two-
equation models in which is the tur-
bulent kinetic energy and is the rate
of turbulent energy dissipation. The
eddy viscosity is calculated using:

_PER

B g e eereersesessenesnen )

The values of and are calculated
using transport equations that in-
corporate the effects of convection,
diffusion, shear, and buoyancy in
flows.

The governing equations include

Fig. 4 Flow system

(@) Sprinkler irrigation system

(b) Pressure transducer

the Reynolds mean flow equations
(continuity and momentum) and the
turbulent transport equations.
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where x, y, and z are the horizon-
tal, vertical, and height coordinates,
respectively; t is time; u, v, and w
are the velocities in the x, y, and z
directions, respectively; p is den-
sity; p is pressure; P is production
by shear; and C,, C,, C,, a., and oy

) Wall-attaching offset jet inthesprinkler
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are empirical constants, which take
values of 1.44, 1.92, 0.09, 1.00, and
1.30, respectively, according to the
recommendations made by Launder
and Spalding (1974). The effective
viscosity u. is defined as u. = u +
I, In which g, = turbulent viscosity
and x = molecular viscosity.

Boundary and Initial Conditions

Boundary conditions need to
be specified on all surfaces of the
computational domain. Figs. 5a and
b depict the physical model of the
30PXH sprinkler. Boundaries pre-
sented in this study include inflow
(faces AB and 1J), outflow (face EF),
and solid walls (faces, BC, CH, DE,
DG, FG, HI, and JA), as shown in
Fig. 5b. At a solid surface, the no-
slip condition is applied, that is, the
velocities are zero. Standard wall
functions were used at solid walls
(Launder and Spalding, 1974).

The boundary conditions for the
problem of a jet offset from a verti-
cal solid wall in a homogeneous,
calm water body between two hori-
zontal solid boundaries are specified
as

1.4=V=W=( on faces BC, CH,

DE, DG, FG, HI, and JA;
2.0kjdy =0 ang £= (CJ:ukm )/

A

(0.46) on faces BC, DE, FG, HI,

and JA;
3.0k/x=0 anq &=(C)'k")/
(0'4‘5‘5)0n faces CH and DG;

4.0uf0x =0v| Ox =0k[0x =0g/dx =0
and _“[:I udy = 0, (= 0] on face FE;

S.u=U; v=0_k=fp/2;
and Szfgkz on face AB.

6-":V:‘, u=0 k= .fiP(l/z)Vf.and
5:_;{‘3&2 on face 1J.

Furthermore, U;, ¥}, Q;, and B, are
the jet velocity, air velocity, flow
rate, and thickness at the discharge,
respectively; y; is the total depth of
the flow domain; dy and ox are the
thicknesses of near-wall grids; f;
and and f, are empirical constants
for the kinetic energy and the dis-
sipation rate, respectively, resulting
from inlet velocity fluctuations, i.e.,
a fraction of that calculated from the
discharge velocity U;.

The flow field is initially a qui-
escent fluid with zero initial flow
velocity components u and v. The
initial £ and ¢ are set to be zero for
stationary ambient water. An ini-
tially homogeneous density field is
used throughout the basin. Flow pa-
rameters at the discharge (U;, ¥}, O,
and By) do not vary with time.

Solution Method

The equations governing the flow
field [(2)-(6)] were numerically
solved using the method given by
Patankar (1980) and Pankar (1981).
A modified version of the computer
program developed by Patankar
(1982), based on the SIMPLER algo-
rithm, was employed for the simula-
tion. Variable time-steps were em-
ployed and determined by the speed
of convergence in previous time-
steps. The original computer code
was extended to find solutions to
unsteady, nonlinear flow problems
and to incorporate the appropriate
boundary conditions for an offset
jet. The nonlinearities of the con-
vection, diffusion, and source terms
in the governing equations were
handled by iteration within a time

Fig. 5 Physical model of the 30PXH sprinkler

a) Grid, b) Coordinates and boundaries for the computational domain

step.

Numerical experiments and sen-
sitivity analysis were carried out
to eliminate the effects of the size
of the computational domain and
the number and distribution of grid
points in the model. A non-uniform
grid system was used with finer
grids for the jet region and bound-
ary layers and coarser grids for oth-
er regions. The size of the computa-
tional domain was characterized by
a ratio of length to depth x; /y,. This
relatively coarse grid system did not
require a significant amount of com-
putational time.

Results and Discussion

Pressure on the Two Sidewalls of
the Main Jet Flow

The rotational principle of the
complete fluidic sprinkler was
based on the direction of the main
jet flow according to the value of
P_-Pr. Therefore, it was important
to find the value of P -Px for differ-
ent working conditions. The wall
inclination of the main flow jet is
depicted in Fig. 3b. The curving
streamline represented the main
flow jet. The pressures in areas 1
and 2 were measured using a pres-
sure transducer.

The complete fluidic sprinkler
investigated in this study was the
30PXH model, and the specific de-
tails of 30PXH model can be found
in reference (Zhu et al., 2009). Fig.
6 depicts the test results for P .-Pg
for different operating pressures

Fig. 6 P.-P for different operating pressures
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and lengths of the flowing duct.
As shown in Fig. 6, the longer the
flowing duct, the larger P -Pr. P -Pr
was much larger when the operat-
ing pressure was higher. When the
flowing duct was much longer, sig-
nificantly more time was required to
remove all water from the flowing
duct. Therefore, the jet absorbed
more air from area 2, and the PR
in low-pressure whirlpools became
smaller. Air flowed into area 1 from
the reverse blowdown nozzle at all
times such that PL did not change.
Thus, when the flowing duct was
much longer, PL-PR became much
larger. As the operating pressure in-
creased, the velocity of the main jet
flow increased. More air was taken
out by the main jet flow, and the
vacuum of the low-pressure whirl-
pools increased. PL did not change
when PR was reduced; hence when
the operating pressure was higher,
PL-PR became much larger. It was
determined that PL-PR depended
only on the flowing duct length and
operating pressure and had no de-

pendence on other factors.

Numerical Simulation

In the operation of the offset jet in
a complete fluidic sprinkler, a slot
jet is discharged into a limited space
that is contained by two sidewalls.
After leaving the nozzle, the jet
curves towards the boundary and
attaches to it, enclosing an eddying
region of separated flow, as shown
in Fig. 1. This phenomenon, known
as the Coanda effect, is caused by
a reduction in pressure on the inner
side of the jet due to the entrainment
of fluid by the jet.

According to the mathematical
model mentioned above, numerical
simulations were carried out in this
study to identify offset jet parame-
ters. As shown in Fig. 5a, the physi-
cal model was divided into a com-
putational grid using the TGRID
method. The meshing space of the
modeled sprinkler was 0.5, and the
number of grids was 151,328. Fig.
7 depicts the numerically simulated
velocity contour distributions rep-

resenting the flow fields at an initial
jet velocity of 3 m/s. Figs. 7a, b, and
¢ represent the velocity vectors of
the straight main flow jet, the main
flow jet reattached to the right side,
and the main flow jet reattached to
the left side, respectively.

When the main flow jet is reat-
tached to the right side as shown
in Fig. 7b, the numerical simula-
tion results were as follows: Fig. 8
depicts the wall-attaching pressure
distribution of the 30PXH sprin-
kler. Figs. 9a and b are partially
enlarged drawings of the pressure
and velocity flow field distributions,
respectively. Fig. 10 is the section
pressure distribution of the sprin-
kler. Face S, shown in Fig. 2, is the
initial section. Figs. 10a, b, and
¢ are the eddying section, middle
section, and outflow section, which
are 3 mm, 15 mm, and 30 mm away
from the initial section, respectively.
These figures demonstrate that the
wall vacuum is much larger when
the distance from the initial section
is shorter. The pressure increases

Fig. 7 Velocity contour distributions of a 30PXH sprinkler
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Fig. 8 Wall-attaching pressure distribution of
the 30PXH continuous flow sprinkler

Fig. 9 Flow field distribution in the eddying area
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gradually along the direction of
outflow. The vacuum is large in
the eddying section because of the
wall-attaching characteristics. The
pressure difference between the two
sidewalls of the main jet flow was
identified using numerical simula-
tion.

Comparison of the Numerical Sim-
ulation and Experimental Results

As shown in Fig. 3b, L represents
the distance between the impinge-
ment point and the plate cover. The
value of L was the same for differ-
ent operating pressures for the same
sprinkler. When the main flow jet
reattached to the right side, area
1 was exposed to atmosphere and
developed a pressure of about 100
kPa. The pressure in area 2 changed
together with variations in the flow
rate. The computational fluid dy-
namics method was applied to cal-
culate the relationship between the
flow rate and pressure in area 2, as
well as the position of the reattach-
ment region. The calculated results
were compared to the experimental
results.

Fig. 11 depicts the relationship
between the flow rate (Q) and the
vacuum in area 2 (H). H was posi-
tively influenced by Q. After regres-
sion of the data, a functional expres-
sion between H and Q was identi-
fied. A value of L for the sprinkler

Table 1 Comparison of numerical simulation and experimental results

ot Numerical - .
Characteristics simulation Experiment Average deviation
H=1Q) H =0.844 Q2 H = 0.676 Q¢ 4.6 %
L, mm 15.6 14.9 47 %

was identified from numerical simu-
lation and experimental results.

Table 1 compares the numerical
simulation and experimental results,
wherein the average deviation is
defined as the average percent of
difference between the values of
the numerical simulation and the
experimental results. The numerical
simulation and experimental results
depicted in Table 1 agrees well with
one another, and the average devia-
tion for simulated and experimental
data was less than 5 percent. From
the data depicted in table 1, it was
concluded that the results of the
numerical simulation could reflect
the inner flow of a complete fluidic
sprinkler.

Conclusions

In this manuscript, the proposed
working principle of a complete
fluidic sprinkler was described by
studying the flow characteristics
therein via a mathematical model.
From a comparison between nu-
merical simulation and experiments

Fig. 10 Pressure distribution of the sprinkler
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conducted in the present study, the

following conclusions were drawn:

1. The working principle of a com-
plete fluidic sprinkler consisted
of three statistical conditions: the
straight primary flow jet, the main
flow jet reattached to the right
side, and the main flow jet reat-
tached to the left side.

2. When the primary flow jet be-
comes reattached to the right side,
the pressure in the two sidewalls
of the main jet flow exclusively
depends on flowing duct length
and operating pressure.

3. Numerical simulation and the ex-
perimental results agree well with
one another. The average devia-
tion for our data was less than 5
percent.

It was concluded that the results
obtained from the numerical simu-
lation could reflect the inner flow
of a complete fluidic sprinkler. The
complete fluidic sprinkler was origi-
nally invented in China, and its flow
characteristics continue to be poorly
understood. Laboratory experi-
ments along with more theoretical
analyses and numerical modeling

Fig. 11 Relationship between the flow
rate and vacuum in area 2
70
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are required for a more developed
understanding of this type of sprin-
kler.
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Nomenclature

The following symbols are used
in this paper:

B, = thickness of the jet at the dis-
charge origin

C; = empirical constant

C, = empirical constant

C, = empirical constant

f; = empirical constant

f, = empirical constant

g = acceleration of gravity, m/s2

H = operating pressure

L = distance between the impinge-
ment point and the plate cover

P = production by shear

p = pressure

P, = pressure in the left side of the
main jet flow

Pr = pressure in the right side of
the main jet flow

QO = flow rate

Qj = flow rate of the jet at the dis-
charge origin

u = velocity in the direction

v = velocity in the direction

w = velocity in the direction

x = horizontal coordinate

y = vertical coordinate

z = height coordinate

k = turbulent Kinetic energy of
fluctuation

¢ = rate of turbulent energy dis-
sipation

ox = thicknesses of the near-wall
grid

oy = thicknesses of the near-wall

grid
1 = molecular viscosity
13 = effective viscosity
11 = turbulent viscosity
p = density
o, = empirical constant
o, = empirical constant
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