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EDITORIAL

The year 2020 has begun. Twenty-one years have passed since the beginning of the 21st
century, but human beings are still engulfed in political struggles and various conflicts on
this small planet earth. Currently Japan’s population is 120 million, but among them, about
36 million people are over the age of 65 and this number is going to stay as it is. The popu-
lation of Japan will be reduced by 40 million in 30 years and thus it is expected to be 80
million by 2050.

Furthermore, after twenty more years later, that is by 2070, the population of Japan is
expected to decrease to half (60 million) of the current level of 120 million. Japan demo-
graphic structure is aging and the number of young people is decreasing and the number of
elderly people is increasing.

The reason has not been determined. It was announced that one in four adult males in
Japan had azoospermia, but why the number of sperm has decreased is also a terrible thing,
the cause of this has not been determined. Some scholars say it’s due to chemicals taken up
by food or may the result of atomic radiation from one generation to the next. If so, further
research on food safety and health issues are needed.

In Europe and the United States, it is said that the Round-up herbicides that are used ev-
erywhere are dangerous, so it will be banned. Weeding is an important and important part
of agricultural work, but most is accomplished by using herbicides. There are many farmers
who want to practice however, there is still no information about the relationship between
food safety and chemical substances, organic farming may have to be expanded in every
country.

Research and development of a new mechanized system is needed to develop organic
farming. Agricultural machines are evolving into robotic agricultural machines. Last year’s
AGRITECHNICA, Naio Technologies of France announced inter-tillage robot that was
awarded a silver medal. In Japan, a company called INAHO is starting to sell asparagus
harvesting robots. These movements also have a major impact on mechanization in devel-
oping countries. Small revolving robots must be mass-produced and made available very
cheaply in any of the country.

AMA has been in operation for over 50 years since it began in 1971, ‘Appropriate Tech-
nology’ was reconsidered, including the latest available technology during those days.
Humans have to become in more harmony with the life systems, An appropriate and better
agricultural mechanization is required worldwide.

The next spring issue will be published on May 25 and will include a special field with
the title *SDGs (Sustainable Development Goals) and the world’s agricultural mechaniza-
tion’ as a special issue commemorating the 50th anniversary.

Yoshisuke Kishida
Chief Editor
January, 2020
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Abstract

The aim of this work was to eval-
uate an alternative to reduce energy
consumption applied to primary soil
tillage. To do this an experimental
apparatus was developed to evaluate
the operation of vibration induced
tillage parameters. The components
that integrated the system for field
valuation were: frame tool carrier
that includes a system of three-point
hitch and depth control mechanism;
three sensors were included to mea-
sure tillage force, torque and the
frequency of the subsoiler oscilla-
tion. Oscillatory impact force was
applied through a rod and crank
mechanism through a subsoiler tine
whose movement is provided by
a hydraulic motor. The apparatus
evaluation was complemented by
a system of data acquisition and
signal conditioner that allows the

registration of the variables of inter-
ests such as draft power, penetration
force, applied torque and speed of
oscillation of the system. The re-
sults of the calibration of the sensors
showed a system correlation higher
than 95%. The results obtained dur-
ing field system verification at dif-
ferent speed, amplitude and depth
of tillage showed a reduction of the
draft force up to 50% using the os-
cillated induced tillage compared
to the non-vibrating tine condition.
The study shows a significant in-
crease in the magnitude of the draft
force and torque applied by 33%
when the working depth increased
from 0.30 to 0.40 m and an increase
of 21% of draft force was produced
when the amplitude of oscillation
was reduced from 0.070 to 0.060
m. No significant difference was
found when the tractor speed was
increased from 1.5 to 2.5 km h. For

future work the developed appara-
tus will allow to determine how the
amplitude and the working depth
and oscillation frequency of the tine
could affect the draft force in tillage
work.
Keywords: oscillatory subsoiler,
draft force, energy consumption,
amplitude of oscillations.

Introduction

Vertical conventional tillage
implements have soil-working tools,
which do not move relative to the
implement frame. Their draft re-
quirements are comparatively high
as they are always in contact with
the soil and the power for operat-
ing these implements is transmit-
ted through traction with tractive
eficiency varying between 40 to
75% (Witney, 1995). To improve the
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tractive efficiency, the tractor drive
wheels are ballasted with additional
weights. However, this practice
causes soil compaction, which is
detrimental crop efficiency. Sev-
eral researchers have reported that
oscillating soil-working tools have
lower draft requirements and break
up the soil better than do their non-
oscillating tine implements when
working under identical conditions.
Therefore, an oscillating soil-work-
ing tool may reduce the number of
operations to prepare an acceptable
seedbed and minimize soil compac-
tion, thus providing a better physical
environment for plant growth. In ad-
dition, oscillatory tillage uses more
eficient tractor power-take-off by
90 to 95% to mechanically oscillate
tines (Hendrick, 1980). Lower draft
requirement of oscillatory tillage
reduces the reliance on less ef?cient
drawbar power; leading to a lower
overall demand on engine power
may occur (Slattery and Desbiolles,
2003), also is generally recognized
that the draft force of a vibratory
tillage implement can be reduced by
30% to 80%.

Bandalan et al. (1999) performed
an experimental study on the till-
age performance of an oscillatory
subsoiler, determining the opti-
mum combination of operating
parameters of the subsoiler such as
frequency of oscillation, amplitude
and working speed the pull-force
and the total power consumed were
measured.

Sahay et al. (2009) developed the
equipment induced vibration tillage
that change the transmission fre-
quency of vibration from 9 to 13 Hz
and from 15 to 35 Hz. Experiments
showed that the real depth of the os-
cillatory system work was 0.153 m
while the same equipment without
vibration was 0.074 m.

Shahgoli et al. (2009) in their
study reported the evaluation of the
effect of the angle of swing of the
tine in the performance of the sub-
soiler. The objective of this study
was to quantify the optimal angle

of oscillation for the reduction of
the strength of pull, low require-
ment of power, low specific draft-
force, maximum disturbed area and
minimum vibration transmitted to
the operator’s seat. In terms of per-
formance, —22.5° was the optimum
angle of oscillation for the reduction
of the draft force and power.

Shahgoli et al. (20102, 2010%)
claimed in his study on the optimi-
zation of the oscillatory frequency
of vibratory tillage, the tines were
oscillated with amplitude of +69
mm at an angle of 27° using a work-
ing speed of 3 km h™. The frequency
of oscillation was changed from 1.9
to 8.8 Hz. There was an optimal fre-
quency near 3.3 Hz (1.5 speed ratio),
which minimized the total engine
power required to operate a sub-
soiler. It was estimated a decrement
of engine power demand above 26%
compared to a rigid tillage equip-
ment.

Studies of oscillatory tillage cited
by (Shahgoli et al., 2009 and 2010%)
reported that the induced oscillation
of a longitudinal or vertical tillage
in directions tool can significantly
reduce by 50% the draft-force re-
quirements. They also mentioned
that the oscillatory frequency, am-
plitude of swing, swing angle, speed
of the tractor, tool design and soil
properties those are important fac-
tors affecting the functioning of a
vibrating tool.

Campos et al. (2015%) modified

Fig. 1 Side view of the vibrating
tillage equipment. Oscillating tine
(1); oscillatory mechanism (2);
extended octagonal ring transducer

©)

a vertical tillage implement call
multicultivador and conducting a
series of investigations by applying
the theory of critical depth in tillage
equipment. The modifications that
were made by the researchers team,
basically consist of place shallow
tines on the front; and greater length
at the rear tines. In the tines of the
rear, wings of different sizes were
evaluated to increase the disturbed
cross sectional area. Field tests were
conducted with this arrangement
and experimentally was demon-
strated that there is a decrease in the
specific soil resistance by more than
20% in comparison with primary
tillage using tines at the same work-
ing depth.

The purpose of the present re-
search work was to develop an ap-
paratus that allows determining the
effect that has the variation of the
most important parameters in vibra-
tion induced tillage such as ampli-
tude and frequency of oscillation,
as well as the effect of this vibration
on the reduction of the draft force
on the vertical tillage.

Materials and Methods

The experimental apparatus was
design to be mounted to a tractor
category Il with three points hitch
system, and the oscillatory system
was powered by the hydraulic sys-
tem of the tractor. This device al-

Fig. 2 Isometric view of the vibrating tillage
equipment. Chassis (4); hydraulic motor (5);
torque transducer (6); frequency sensor (7)
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low adjustment of the frequency of
oscillation from 3.3 to 4.9 Hz and
amplitudes from 0.060 and 0.070 m.
Figs. 1 and 2 show the main com-
ponents of the device designed and
built by the Tecnomec Agricola S.
A. de CV. Company. The apparatus
is integrated by an oscillation tine
(1), an oscillatory mechanism con-
necting rod crank (2), an extended
octagonal transducer (3), structure
or chassis (4), a hydraulic motor (5),
a torque transducer (6) and an oscil-
lation frequency sensor (7).

The chassis corresponds to the
structure of the apparatus in which
all the components including the
three-point hitch system are mount-
ed. A crank connecting rod mecha-
nism provides the swing of the tine
as shown in Figs. 1 and 2. This
mechanism is operated by means of
a hydraulic motor for high torque
and low speed of rotation. The fre-
quency of rotation is controlled by
a flow regulator valve. A torque
transducer with a capacity of 25 kW
at a frequency of 9 Hz was coupled
between the hydraulic motor and os-
cillating mechanism to measure the
torque that is generated at the time
of soil tillage.

To measure horizontal and ver-
tical forces applied to the soil an
extended octagonal ring transducer
(OAE) with capacity of 40 KN was
built which dimensions are shown
in Fig. 3.

An electronic card was developed
to determine the frequency of oscil-

Fig. 3 Dimensions and characteristics in the extended

octagonal ring transducer in mm

lation in real time of the vibrating
apparatus, using an infrared opto-
electronic sensor H21A1 (Fairchild
Semiconductors, USA) and a mi-
crocontroller PIC 16f84 (Micro-
chip company, USA) to eliminate
rebounds produced by the effect of
magnetic noise.

The construction of the apparatus
and mounting of sensors were built
at Tecnomec Agricola S. A. de C.
V., Aguascalientes State, Mexico,
during the period from February
to December 2014. Laboratory re-
search and field test was carried out
from January to October 2015 in
the Agricultural Engineering De-
partment and the experimental Sta-
tion “El Bajio” at the Universidad
Auténoma Agraria Antonio Narro.
Located at the State of Coahuila,
Mexico, at 25° 21.52" N, 101° 50"
W and at altitude of 1,740.5 m over

Fig. 4 Calibration of transducer OAE
for horizontal force

the sea level in a clay soil with re-
sistance to penetration of 2.45 kPa,
and average soil moisture of 18%.

A John Deere tractor JD6403,
single traction with 105 HP at the
engine, was used for the field test.
Instrumented tractor include the fol-
lowing equipment: analog to digi-
tal converter Logbook360 (lotech
Company, USA), calibrated at a fre-
quency of 20 Hz sampling rate and
signal conditioner model DBK43A
from the same made, calibrated to a
gain of 2,500 micro strain (o).

In order to measure forces in the
horizontal and vertical direction
(Figs. 4 and 5), it was necessary
to make a static calibration of the
transducer (OAE) using known
loads of (470.8, 470.8, 716.13,
343.35, 343.35, 294.30, and 294.30
N). To run the calibration, the load-
ing and unloading of the weights

Fig. 5 Calibration of the transducer OAE
to determine vertical force constant

Fig. 6 Calibration of torque transducer
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were carried out with 5 replicates
each.

In order to measure the torque ap-
plied to the tine from the hydraulic
system of the tractor was necessary
a torque transducer calibration, the
same Logbook360 data acquisition
system was used. Calibration was
performed with two-arm lever (0.65
and 0.85 m) and four loading and
unloading weights: 294, 294, 343
and 343.5 N, each position was rep-
licated 5 times (Fig. 6).

Data analysis was performed
with the method of spectral analysis
described by Campos and Wills,
(1995) using Matlab V2010a and
Fast Fourier Transform algorithm to
obtain the mean values, curves and
calibration constants, using a lin-
ear regression of the data analysis.
Analysis of variance was performed
using Minitab V15 statistical analy-
sis software. The field Treatments
performed for two depths of 0.30
and 0.40 m, two working speed at
1.5 and 2.5 km h* and two ampli-
tudes of 0.060 and 0.070 m for a
single oscillatory speed of 3 Hz. A
control test with not vibrating tine at
two working depths of 0.30 and 0.40
m at a speed of 1.5 km h? was also

(a) apparatus for vibratory tillage

(d) sensor optoelectronic

performed. A total of 10 treatments
were conducted and four replications
were carried out by each arrange-
ment; each trial was carried out on
plots of 50 m long by 2.5 m wide.

Results and Discussion

Construction of the Apparatus

Fig. 7 shows instrumented ap-
paratus (a) for vibrating tillage, a
transducer OAE (b) that (c) was
employed to measure the torque
required for impact the soil, an in-
frared optoelectronic sensor (d) to
measure the frequency of the oscil-
lating mechanism and a data acqui-
sition system (e) for collecting all
data information from the transduc-
ers in real-time to be subsequently
analysed.

To obtain the same reliability of
measurement in the two transduc-
ers, it was necessary to standardize
the coefficient of constant by means
of the calibration adjustment on 3
channels of the amplifier that cor-
respond to each sensor and adjust
the input gain, the compensator and
the excitation voltage. Fig. 8 shows
an example of a step graph of OAE

(b) transducer OAE

(e) data acquisition system

corresponding to the vertical force
transducer calibration. Fig. 9 shows
the equation of regression with a
constant of 75.00 mV N7, with a
correlation coefficient of 99.8%.

Fig. 10 shows an example Graph
corresponding to the horizontal
force of OAE transducer calibration
and Fig. 11 shows the linear calibra-
tion of horizontal force. In addition,
shows the equation of regression
with a constant of 47.74 mV N with
a correlation coefficient of 99.7%.

Fig. 12 shows an example of the
graph of the deformation in mV
generated from the ascent and de-
scent of four loads with a lever arm
of 0.85 m and Fig. 13 shows the
equation of regression with constant
0.4538 mV N m* with a correlation
coefficient of the 98.8%. Similar
results were obtained by (Campos et
al., 2015°) for the calibration of sen-
sors of the type of OAE.

Tests Under Field Conditions

Fig. 14 shows the forces obtained
in field for the vertical force by com-
paring the amplitudes of 0.060 and
0.070 m for both working at a depth
of 0.40 m and a speed of 1.5 km
hZ. It can be seen that the applied

Fig. 7 Instrumented Apparatus for field evaluation

(c) torque transducer

Fig. 8 Cycles of loading and unloading
of the OAE transducer during calibration
with different weights for the vertical force
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Fig. 9 Graph showing the linearity of
calibration of OAE transducer for vertical
force. The obtained equation was: Force
(N) =8.073 + 75.00* Voltage (mV)

Voltage (mV)

forces for higher oscillation ampli-
tude (7040A1) are charged towards
the positive part of the graph, while
in the lower oscillation amplitude
forces (6040A1) are distributed both
in the positive as negative zone.

Fig. 15 shows an example of the
behaviour of horizontal force gen-
erated by the rigid tine subsoiler,
where it can see the difference be-
tween two depths of tillage (0.30
and 0.40 m) at a speed of work of

Fig. 12 An example graph of cycles of
loading and unloading during calibration
the torque transducer with different loads
and arm lever

Fig. 10 Cycles of loading and unloading of

Fig. 11 Shows the Linearity of calibration of

the OAE transducer during calibration with horizontal force. The obtained equation was:

different weights for the horizontal force

15km h?,

Fig. 16 compares the draft-force
obtained in field with the rigid and
vibration tine for a forward speed
(1.5 km h?), at the same depth of
0.40 m, which shows a lower draft-
force demand when applying an
induced vibrations to 0.070 m am-
plitude.

From Fig. 17 can be appreci-
ated the magnitude of the torque
obtained in field. Where shows that

Fig. 13 Graph showing the linearity and

constant of calibration for torque transducer.

Torque (Nm) = 29.34 + 0.4538 Voltage (mV)

Fig. 16 Comparative force demand at rigid

Force (N) = 21.97 + 47.74 \Joltage (mV)

exist two directions of registered
torque magnitude applied to the soil
one for the forward working condi-
tion into compacted soil and the
another magnitudes for the reverse
when the tine is acting in loose
soil. The results of this analysis are
shown in Table 1.

In Table 1, the variance analysis
of the effect of depth of tillage of
0.30 to 0.40 m shows a highly sig-
nificant difference on the magnitude

Fig. 14 Comparison of vertical forces to
different amplitudes for a depth of 0.40 m.
The graph (7040A1) is for amplitude of 70
mm and first replicate. The graph (6040A1)
is for amplitude of 70 mm and first replicate

tine and vibration (amplitude of 0.070 m) to
Fig. 15 Comparison of the horizontal force at the same depth of 0.40 m and speed of 1.5
rigid tine at two depths. Graph (40A1) shows km h. Graph (7040A1) shows the draft force
the tine working at 0.40 m depth for the first ~for vibrating tine working at 0.40 m depth.
replicate. Graph (30A1) shows the tine work- Graph (40A1) shows the draft force for rigid
ing at 0.30 m depth for the first replicate tine working at 0.40 m depth

Fig. 17 Graph showing the applied
torque for the oscillating amplitude of
0.070 m and a working depth of 0.40 m
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of the draft force, as well as the
force applied for tillage with oscilla-
tion chisel to three different magni-
tudes of swing (0.01, 0.06 to 0.07 m)

For the oscillatory tine, the mean
values showed a decrease of 50.1%
in the force of pulling, compared
with the rigid tine. Similar results
were reported by Shahgoli et al.
(2010P). The significant reduction
in the magnitude of the draft force
by change of depth of tillage, from
0.40 to 0.30 m, was also reported by
(Spoor and Godwin, 1978; Campos
et al., 2015?).

An analysis of variance was
performed as shown in Table 2,
whereas only the magnitudes of the
draft force to the two assessed oscil-
lation amplitudes of 0.060 and 0.070
m finding significant difference.
Variance analysis shows the effect
is also at two-tillage speed, 1.5 and
2.5 km h? on the draft force, finding
not significant difference in force
for the effect of change of speed. In
this analysis was corroborated the
significant effect that produces the
depth of tillage on draft-force (Cam-
pos et al., 2015°).

In comparison to the change of
amplitude of oscillation, Table 3
shows a significant difference in the
measurement of the draft force in
the order of 21.0% when increases
the oscillation amplitude from 0.060
to 0.070 m. Similar results were ob-
tained by (Shahgoli et al., 2010?).

From Table 4, the oscillation of
the tine increases the magnitude
of the vertical force to a 47.0% be-
tween the vibrating and the rigid
tine when tillage speed increases
from 1.5to 2.5 km h. Likewise, the
magnitude of the torque is increased
up to 33.0% when tillage depth is
increased from 0.30 m to 0.40 m un-
less this increase has to do with the
increased speed of 1.5to 2.5 km h.
Similar magnitudes were reported
by (Xin et al., 2013).

Conclusions

The device designed and built by
Tecnomec Agricola S. A. de C. V.
allowed mounting of sensors for the
on-field measurement of horizontal
and vertical forces acting on the tine
tool as well as frequency of oscilla-
tion and torque of impact of the tine
in a satisfactory manner.

In the field-testing for verification
of the system functions, data record-
ed at different amplitudes of swing
revealed that the apparatus could re-
duce the draft force up to 50% using
the oscillated induced tillage com-
pared to the non-vibrating condition.
There was a significant increase in
the magnitude of the draft force and
torque applied by 33% when the
working depth increased from 0.30
to 0.40 m. Besides, an increase of
21% draft force was produced when

the amplitude of oscillation was re-
duced from 0.070 to 0.060 m.

No significant difference was
found when the tractor speed was
increased from 1.5 to 2.5 km h™.
Then, based on the above results,
it was confirmed that there is a sig-
nificant reduction in the draft-force
between a rigid tines versus one
vibrating at lower oscillation ampli-
tude.
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Abstract

The manual size grading of wal-
nuts is labour intensive, and tedious
practice; besides being inconsistent
and less efficient. The aim of the
present study was thus to design,
fabricate and evaluate a power op-
erated walnut grader. The walnuts
grown in Jammu and Kashmir State
of India were classified into four
grades, and all the four grades were
evaluated for various dimensional,
physical, frictional and mechani-
cal properties to create a database
which play an important role in
designing of mechanical system for
walnut grading. A power operated
walnut grader was developed and
tested. The machine consists of feed
hopper, casing, rotating pipes, deliv-
ery chutes, sprockets, driving chain
and a control box. The result of the
performance tests showed that grad-
ing error was significantly affected
by feed rate, grader slope and open-
ing size from feeding end to trailing
end. The highest mean grading effi-
ciency of 96.3% (least grading error

3.7%) was recorded at a feed rate of
400 kg/hand 80 of grader slope. The
effective throughput capacity of the
machine was estimated to be 337
kg/h. Adoption of this technology
will help walnut growers, proces-
sors and other stakeholders to make
quality graded walnuts available
in the competitive markets. This
paper describes the design and per-
formance evaluation of the walnut
grader as well as the implications of
results obtained.

Keywords: Walnut Grader, Feed
Rate, Grader slope and Dimensional
properties

Notations

P = Power requirement of ma-
chine

N, = rotation per minute of motor
T = Torque generated in the motor
N, = Worm gear output
T,/T, = Gear ratio
M, = Torsional moment of shaft
F.. = Pure torsional load on shaft
d = Diameter of shaft
M, = Pure bending load on shaft
F, = Ultimate tensile strength

6 = Torsional deflection induced
in shaft

L = Length of shaft

J = Polar moment of Inertia

C = Modulus of rigidity

M, = Equivalent bending moment
on shaft

E = Elastic limit of shaft material

I = Moment of inertia

W = Weight on shaft due to load

Ojinear = Deflection in shaft

M = Mass of shaft

A = Area of cross section of shaft

Sueigne = Static deflection due to
own mass of shaft

F., = Frequency of transverse vi-
bration

Vy = Velocity ratio

N, = Speed of driven sprockets

Z, = No. of teeth of driving sprocket

Z, = No. of teeth of driven sprocket

C, = Chain pitch

C, = Centre distance between two
sprockets

V = Chain velocity

F = Total load on driving chain

F, = Shearing force on chain

Wbreaking load = Breaking |Oad
strength of chain
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F, = Force load on chain element

F; = Frictional force on chain ele-
ment

K = Lubrication constant

F. = Tearing force acting on chain

Pg = Check for wear

K, = Wear constant for chain

A, = Area of chain

d, = Duplex chain distance

I, = Length of chain duplex hub

b, = Width of chain duplex hub

t, = Thickness of chain duplex hub

L. = Chain length

m, = Module length of chain

d, = Boss diameter

D = Diameter of flange/disc

W, = Width of slot/tongue

h = Depth of slot/tongue

P. = Power transmitted by cou-
pling

P, = Allowable stress between
slot/tongue

T,ipe = Torque transmitted by hol-

low pipes

Frax = Maximum shear strength of
pipe

d, = outer diameter of PVVC pipes

d; = Inner diameter of PVVC pipes

D, = Design power

C, = Overload factor

D, = Design transmitted load

C, = Velocity factor/dynamic fac-
tor

f, = Bending stress

f = Form factor

y = Shape factor

K; = Stress concentration factor

m = Distance between the faces of
the teeth of sprocket

Z, = No. of teeth on pinion

d,; = Diameter of pinion

Y = Exact Lewis form factor

Fy = Dynamic load

F, = Inertial force acting on spun
gear

C; = Correction factor

K, = Constant for correction fac-
tor

e = Permissible error for linear
velocity calculation

E, = Ultimate elastic limit for pin-
ion

E, = Ultimate elastic limit for gear

f = Form correlation factor

Fg = Beam strength for sprocket
gear

f.; = Force strength of pitch circle
on gear

F, = Limiting wear load

K, = Limiting load factor

Q = Q Factor for limiting wear
load

f. = Flexural endurance limit

L,, = Length of weld

T, = Thickness of joint

f.. = Allowable tensile stress for
steel under static loading

T, = Tearing strength of weld

V = Voltage applied to arc weld-
ing machine

I = Amperage measured

1 = efficiency

Frorma = NOrmal stress

W,, = Weight of walnuts on pipes

a = area of pipes

py = Bulk density

p, = True density

pr = Fluid density

€ = Porosity

D = Drag force

D. = Drag coefficient

A, = Projected area

N = Reynolds No.

V,, = Velocity of walnuts

Fig. 1 Size based grades of walnuts

d. = Diameter of column

B = Bouncy force

p = dynamic viscosity of water
g = Acceleration due to gravity

Introduction

Juglans regia L- the English or
Persian walnut is one of the most
important temperate nuts grown
all over the world. In commercial
production of Persian walnuts, India
ranks seventh in the world. In India,
Jammu and Kashmir is major wal-
nut producing State. The State cov-
ers an area of 88,900 hectares under
walnuts with an annual production
of 266,133 MT (Anonymous, 2015).

In Jammu and Kashmir State,
there are no regular walnut or-
chards. Also there are no particu-
larly identified varieties of walnuts
grown in the State. The cultivation
of walnuts is scattered around home
grounds, field bunds, barren lands,
road sides and on waste lands. The
entire production of walnuts is from
seedling trees and each tree behaves
as a variety and thus exhibits het-
erogeneity in size and shape of nuts.

About 90% of the un-shelled
walnuts in the State are marketed
as mixed lot. These mixed lots are
not preferred by the consumers and
therefore, fetch less return. Further,
the kernels from the mixed lots are
also non- uniform in size, which
subsequently affects the consumer
acceptability. Only 10% of the wal-
nuts are graded manually on the ba-
sis of shell colour, thickness and nut
size. Manual grading is an expen-
sive and time consuming process
and even the operation is affected
due to non-availability of labourers
during the peak season.

Sensing the aforesaid problems, a
need was felt to develop an efficient
and economical grader for walnuts.
This study extends our previous
work in which we have developed
and evaluated walnut dehuller (Syed
et al., 2016) and walnut bleacher
(Syed et al., 2016).
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Materials and Methods

During the year 2015, a survey
was conducted in the major walnut
growing districts of State to identify
the dimensional ranges in walnuts.
The survey revealed that there is
huge variability in walnut size. The
length (major diameter) was found
in the approximate range of 23-44
mm. Based on the range obtained,
walnuts were classified into four
grades (Fig. 1). Such size character-
istics differences are essential cri-
terion to conduct mechanical grad-
ing of walnuts. The dimensional,
physical, frictional and mechanical
properties of walnuts are indispens-
able properties for designing of size
based walnut grading system.

Dimensional Properties

100 walnuts from each grade
were selected randomly and major
diameter (length), intermediate di-
ameter (width) and minor diameter
(thickness) of selected nuts were
measured using electronic digital
caliper of 0.001lmm accuracy. The
equivalent diameter, geometric di-
ameter, arithmetic diameter, area
of transverse surface, sphericity,
surface area, aspect ratio, volume
and projected area were calculated
from the principal dimensions (L,
W, T) using the relationships given
by Mohsenin 1980.

Physical Properties
Bulk density and true density of
each walnut grade was determined

using the standard test weight pro-
cedure (Singh and Goswami, 1996)
and toluene displacement method
(Sacilik et al., 2003) respectively.
The porosity was determined using
the following equation:

e=[1-(py/ py] x 100

p, = Bulk density

p, = True density

Frictional Properties

The coefficient of frictions of
each walnut grade was measured by
a frictional device. Maximum fric-
tional force was recorded when the
box started operating. This value
was used to calculate the static
coefficient of friction. While the
box continued to slide on frictional
surface, the dynamic coefficient of
frictions was determined (Sacilik et
al., 2003). Angle of repose was mea-
sured by pouring method (Mirzabe
et al., 2013).

Mechanical Properties

Bouncy force and drag force
are the forces encountered for and
against the movement of walnuts.
For determining these properties a
cylindrical glass column was used.
The column was filled with tap wa-
ter and walnuts were placed in flat
position in the bottom of column.
In order to determine the velocity, a
stop watch was used for recording
the time for movement of walnuts
from releasing point to top of the
water column (Vanoni, 1975). The
drag force (Dy) and Bouncy force
(Bg) were thus calculated using the

Fig. 2 Schematic views of walnut grader (All dimensions in meters)

Side View of Wall Nut Grader

following formula:

Dr=DcA, [pt (Vw) /2]

Where A; is projected area, pt is
true density of walnut, V,, is veloc-
ity of walnuts and D is drag coef-
ficient and was calculated as:

Dc =24/ Ng

Ng is Reynolds No. and was cal-
culated as:

Ng =V do/ 1

dc is diameter of walnuts and p is
dynamic viscosity of water

The Bouncy force (B) was calcu-
lated as

Be = pf (gndc’®/ 6)

pf is fluid density and g is accel-
eration due to gravity

Design, Development and Evalua-
tion of Walnut Grader

A power operated walnut grader
was designed and developed by Sri-
nagar Centre of All India Coordi-
nated Research Project on Post Har-
vest Engineering and Technology
(AICRP on PHET), Sher-e-Kashmir
University of Agricultural Sciences
and Technology of Kashmir, India
during the year 2015-16. Fig. 2
shows different schematic views of
the walnut grader.

Front View of Wall Nut Grader

Top View of Wall Nut Grader
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Design of Machine Components

In the design, machine parameters
that include power requirement,
reduction gear, rotating shaft, chain
drive, old hams coupling, PVC
pipes, chain sprockets, welded joints
and stress on inclined pipes due to
load were determined as:

Power Requirement
Power requirement of machine (P)
was calculated using the equation
(Hannah and Stephens, 1984):
P=2nN,T /60
N, = rotation per minute of motor
=1400 rpm
T = Torque generated by moving
parts of 1HP motor used = 5.08
Nm
Therefore, Power requirement
(P) = 0.744 kW, which can be easily
provided by the 1 hp motor.

Reduction Gears

Reduction gear has a gear ratio of
1/20. The worm gear output (rpm)
transmitted to the reduction gear
pulley was calculated using the
equation (Aaron, 1975):

N,/N, =T, /T,

N, = worm gear output (rpm)

Gear ratio (T, / T,).= 1/20

Therefore, rpm of worm gear out-
put (N,) was calculated as 70

Rotating Shaft
Torsional Moment of Shaft
Torsional moment (M) of the
shaft was calculated using the equa-
tion (Shigley et al., 1983):
M, = (9550 / N,) x P =5.08 kN

Pure Torsional Load on Shaft
Pure torsional load on shaft (Fyy)
was calculated using the equation
(Shigely et al., 1983)
For = (M, x 16) / (m x d%) = 3.23

Shear and torque on shaft

Twist and torque on shaft

MN/m?
d = diameter of shaft = 0.02 m

Pure Bending Load on Shaft

Pure bending load on shaft (M,)
was calculated using the equation
(Shigley et al., 1983)

M, = (F. x m x dg) / 32 = 86.39 Nm

F, = ultimate tensile strength of
shaft = 110 MN/m? (for C- 45 Mild
Steel Shaft)

Torsional Deflection Induced in
Shaft
Torsional deflection induced in
shaft (0) was calculated using the
equation (Norton et al., 1992):
0=MtxL)/(JxC)=8.75°(0
> 0.5° indicates that torsional
deflection induced in shaft is in
safe range)
L = Length of shaft =2.136 m
C = Modulus of rigidity = 79 x
109 N/m? (for M.S Shaft)
J = Polar Moment of inertia (MOI)
J is calculated using the equation
J=(xd*) /32
J=157 %108 m*

Equivalent Bending Moment
Equivalent bending moment (M,,)
on Shaft was calculated using equa-
tion given by (Norton et al., 1992)
M,, = 1/2 (M, + \M,2 + M)
M, = 2.55 kNm

Deflection in the Shaft
Deflection in shaft (Slinear) was
calculated using the equation Mott
(1992)
dlinear = WL2/ 48EI
W = Weight on shaft due to load
(Assume 1 kg walnuts are on the
center of shaft during grading)
E = Elastic Limit of Shaft Mate-
rial = 200 GPa
I = Moment of inertia, is calcu-

Stress on shaft

lated as:
[=nd*/64=7.85x10°m*
Thus, dlinear = 1.29 x 10 m

Static Deflection Due to Own
Mass of Shaft
Static deflection due to own mass
of shaft (dweight) was calculated us-
ing the equation (Orthwein,1990)
dweight = SML* / 384El
M = Mass of Shaft per unit
Length = area x length x
denisty = 5.02 x 10 kg
Density of Shaft material = 40 x
103 kg/m?
Area of cross section of shaft =
nd*/ 4.
Therefore, 8 weight = 8.65 x 107 m

Frequency of Transverse Vibration
Frequency of transverse vibration
(F,) is calculated using the equation
(Juvinall and Marshek, 1992)
F,=0.4985 / \8linear + (dweight /
1.27)
F,=4377 Hz
Assume the whirling speed of
shaft (rpm) is equal to the frequency
of transverse vibration in Hz.
Therefore, whirling speed of Shaft
(N, =43.77 x 60 = 2626.2 rpm

Chain Drive
Velocity Ratio
In order to determine the veloc-
ity needed at the output shaft, the
velocity ratio (VR) was calculated
using equation from (Tonoshenko,
1989).
VR=N,/N;=14
N, = Speed of driven Sprocket =
N, / 1.45 (Tomoshenko, 1989) =
70/ 1.45=48.27 = 50 rpm
In order to determine the no. of
teeth of driving sprocket, the below
mentioned equation (Shigley and
Mischkee, 1989) was used
Z,=27Z, x VR =42 (To be on safer
side, value of Z, was taken as 48 for
design purpose)
Z, = No of teeth of driven sprocket
Z, = No of teeth of driving sprock-
et=30
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Chain Pitch

Chain pitch (CP) was calculated
using the equation (Shigley and
Mischkee, 1989)

C,=C4/ (30 to 60) = 16.9 mm =
0.0169 m (Keeping in view the
fabrication constraints value 30
was taken in the denominator)

Cq = Center distance between two

sprockets = 0.508 m

Chain Velocity
Chain velocity (V) was deter-
mined by equation given by (Shig-
ley and Mischkee, 1989).
V =(C,xN,xZ) /(60 x 1000) =
5.915 x 10-* m/sec

Total Load on Driving Chain
Total load on driving chain (F)

was determined by equation given

by (Shigely and Mischkee, 1989).
F=(Px1000)/V =1261.2 kN

Shearing Force on Chain
Shearing force on chain (F) was
calculated using equation given by
(Shigely and Mischkee 1989).
Fs = (Wbreaking load X 1000) / I:0
Wireaking 10ad = Breaking load strength
of chain = 45.40 kN
F, is force load on chain element
F,=1820 + F, + F; = 1857.63 N
F = frictional force on chain ele-
ment = K X Wduplex chain X Cd =
36.98 N
K = Lubricating constant = 4 k
(Design procedure)
Wiypiex chain = 18.2 (constant)
F. is tearing force acting on chain
Fc = (Wduplex chain X Vz) / g (Ertas
and jones, 1992) = 6.49 x 10" N
Therefore, FS = 24.43 N
F, > 11 indicates that design is
safe. Hence chain 10B was used

Check for Wear
Check for wear (PB) in chain was
determined by equation given by
(Arora, 1989)
Ps = (F x K,) / Ac = 12.25 KN/mm?
which is within the safe limits
K, = wear constant for chain = K,
x K, = 1.3 (For periodic lubrica-
tion of chain K; =1.0, K, = 1.3)

A = Area of chain = d, x I, x 2
(Arora, 1989) = 133.81 mm?

d, = duplex chain distance = 5/16
x Cp=5.28m=528x10°m

I, = length of chain duplex hub =
b, + 2t, = 12.672 mm

b, = width of chain duplex hub =
5/8 x C, = 10.56 mm

t, = Thickness of chain duplex
hub =0.1 x b, = 1.056 mm

Chain Length
Length of chain (L.) was deter-
mined using the equation (Khurmi
and Gupta, 2004)
L. =m; x C, = 1679.57 mm?
m, = Module length of chain =
(2C, /1 Cp) + (2, +2,) 1 2 + CP(z,
- 2%/ 4m? x C;=99.38 mm

Oldhams Coupling
Oldhams flexible coupling was
used to connect motor drive to the
reduction gear box drive. As per the
design considerations, following pa-
rameters were determined.
Boss Diameter (d;) = 2d = 40 mm
=0.04m
Diameter of flange/Disc (D) = 3d
to4d =80 mm=0.08 m
(4d was taken in order to have safe
stress and high torque transmis-

sion)
Width of slot/tongue (wt) = 0.45d
=9 mm =0.009 m.

Depth of slot/tongue (h) = wt/2 =
0.0045 m
Power transmitted by the coupling
(P, was calculated using the equa-
tion (Raimond and Boyd, 1985)
P. = (Ps(D)?hN) / 57 = 6012.63
kw
p, = Allowable stress between
slot/tongue = 8.5 N/mm?

PVC Pipe
Torque transmitted by hollow
pipes (T,,.) was calculated using
equation (Hall et al., 1999):
For Grade-1
Toipes = 3.14/16 F,, % (dy* = di*) / d,
=1.24 KNm
d, = Outer diameter of PVC pipes
(0.05 m)
d; = Inner diameter of PVC pipes

(0.02 m)
foax = Maximum Shear Strength
of pipe =52 MPa (PVC material)
For Grade-11
d, = 0.048m
Toipes = 1.092 KNm
For Grade-111
do=0.040m
Toipes = 61 x 102 KNm
Chain Sprockets
Design power (D,) was calculated
by equation given by (Shighley and
Mischkee, 1989):
Design Power (D) = P x C, =
0.9325 kW
C, = Overload factor taken as 1.25
for machines with light shock pro-
duction and moderate transmission
Design transmitted load (D) =
(D, x 1000) / Linear velocity of
chain (V) = 157.65 kN
Velocity factor or Dynamic factor
C,=45/(@5+V)=0.998

Using Lewis Equation

Dr =(f, xfxmxyxc)/k

m =0.0268 m = 26.8 x 10-* m (For
safety of design, 4 mm module
was taken for sprocket)

f, = Bending stress = 140 MPa
(for cast steel)

f = Form factor =10 m (as per de-
sign procedure)

y = Shape factor =0.25 (as per de-
sign procedure)

K; = Stress Concentration factor =
1.6 for 14(1/2)° teeth

m = Distance between the faces of
the teeth of sprocket

No. of teeth on pinion (Z,) was
calculated as

Z, = d,/m = 38 = 42 (for safety
precaution)

d,; = Diameter of pinion = 0.15 m

Exact value of Lewis form factor

() for sprocket was determined:
Y =n(0.124 - 0.684/ Z,)
Y =0.338

Checking for Dynamic Load (F,)
by Buckingham's Equation
Fy = Dy + F, = 16772.78N =
157.72 kN
F; = Inertial force acting on spur
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gear = [21V(C; x f; + Dy)] /
[21V +\C; x f + Dy ] = 7878 N

C; = Correction factor = K, x e /
(VE, + 1/E;) = 1056.09 MN/m

Ky = 0.107 for 14(1/2)° teeth, e =
permissible error for linear ve-
locity calculation = 0.094

Since the material for pinion and

gear is same, hence E, = E; = ulti-
mate elastic limit of material = 210
GPa.

f = form correlation factor lies
between 9.5 module to 12.5
module (Module =4) =9.5 x 4=
38 mm=0.038 m

Beam Strength for Sprocket Gear
Beam Strength for sprocket gear
(Fg) was determined as:
Fg="fxfyxmxY =8990.8N
f.s = Force strength of pitch circle
of gear, (forged steel C-30) =
175 MPa with BHN = 150
Value of F, which is less than Fd
which implies that gear will not fail.

Checking for Wear
Wear of gear sprocket (F,) was
calculated using equation given by
Shigely and Mischkee (1989)
The limiting wear load
Fo = dy x e x K x Q = 125873
N
d,; = diameter of pinion=0.15m
K, = limiting load factor and cal-
culated as:
K. = [(f.? x sin) / 1.4] (1/E, + 1/
E,) =208.33 kN/m?
f,, = flexural endurance limit = 2.8
x BHN - 70 = 350 MPa

Sin 6 = sin 14.5° = 0.25 (Spur gear
has helix angle of 14.50)

Q factor was calculated as:

Q=22,/(Z,+Z,)=106

Therefore, F, = 1258.73 N

Value of F,, is less than Fd value,
which indicates that sprocket will
wear. Therefore it will be necessary
to heat treat the sprocket. Hence
C-40 was used as sprocket material
due to its high strength.

Welded Joints for Grader
Electric arc welding was used
to weld the main frame and other
moving component. The necessary
length of weld was calculated using
the equation given by (Buceli and
Beganaru, 1980)
L, =M,/ (0.7 x T, x f) = 2.07 mm
~3 mm
T, = Thickness of Joint = 3.175 cm
As per design procedure factor
12.5is to added to each weld
Therefore, Length of welded joint
=3+125=155mm
Tearing strength of weld was cal-
culated as:
T, =07xTxL,x2xF,=07
x 0.317 x 2225 x 2 x 110 =
75,787.25 N

Energy/Power Consumption Dur-
ing Welding

Voltage applied to arc welding
machine = 26 volts

Amperage measured by ampere
meter= 75.5 ampers

Power consumed =V x | = 1963 W

Heat input to work piece = power

Fig. 3 Pictorial view of walnut grader

xn = 1.66 kW (m = 85%)
n = efficiency of machine

Stress on Inclined Pipes Due to
Load W
Stress on inclined pipes due to
load was determined using equation
given by (Appelle, 1941)
Normal stress (Fhoma) = W,,Sin26
/a
Considering an average weight of
50 kg walnuts remain at a time on
the surface of pipes (W,) Area of
pipes (unit area). Grader inclination
was tested at 8° 12° and 16°.
(Frorma) at 8° slope = 50 x sin2(8)
= 13.7 kg/m?
(Frorman) at 12° slope = 50 x sin2(12)
= 20.33 kg/m?
(Frormap at 16° slope = 50 x sin2(16)
= 26.49 kg/m?
The force is acting on 8 pipes
Thus, Fgmay 0N individual pipes
at 8°, 12° and 16° slope = 1.722, 2.54
and 3.31 kg/m? respectively which is
very well within the yield strength
and ultimate strength of PVC/MS
shaft
Shear Stresses (FShear) = W,,Cos26
/a
Therefore, Fshear on individual
pipes at 8°, 12° and 16° slope= 6.00,
5.71 and 5.30 respectively, which is
again within safe range

Electric Motor Specifications

For providing driving force to the
machine, a single phase 1 hp, AC
motor having a rotational speed of
1400 rpm and power rating of 240
V AC, 50 Hz was used. In order to
limit the overload current in mini-
mum time, type C MCB with rated
amperage of 32 A and short circuit
breaking capacity of 1 kA was used
in the grader.

Machine Descriptions

The main features of the machine
are casing, rotating shaft, chain
drive, delivery chutes and control
box (Fig. 3). Keeping in mind the
availability, durability, cost, mainte-
nance and ease of constructions, the
material was selected for construc-
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tion of different components of ma-
chine. The materials of construction
and machine specification details
are given in Table 1.

Casing forms the outer rigid struc-
ture of the machine and prevents
the shocks, vibrations and direct
contact of moving parts of the ma-
chine with the workers. Feed hopper
is rectangular in shape with edges
narrowing towards downside. For
efficient grading system, the hopper
has 6 triangular protruding gyra-
tions which allow the walnuts to fall
between the pipes. For comfortable
feeding the height of the feed hopper
has been kept as 4.2 feet above the
ground. The motion to the pipes is
transmitted by means of chain and
sprocket mechanism. Two sprockets
(reduction gear sprocket and shaft
sprocket) were used to transmit
power from reduction gear to rotat-
ing shaft. As soon as the walnuts
leave the hopper, they fall over the
slanting rotating pipes. The pipes
rotate at a speed of 70 rpm. Due to
the rotation of pipes the walnuts roll
downwards and as they reach a dis-
tance where the inter-pipe distance
is more than the walnut size, they
fall down by gravity action and are
discharged through delivery chutes.
For easy operation of machine, a
provision of control box having nec-
essary indicator and a motor switch
for controlling the motor has been
made in the machine.

Performance Evaluation

The grader was tested to study the
effect of grader slopes (80, 120 and
160) and feed rates (400, 700 and
1000 kg/h) on grading efficiency.
A known sample weight of 100 kg
of walnuts comprising of all grades
was fed to the machine for each
parameter combinations. The wal-
nuts coming out through four outlet
chutes of the machine were col-
lected and under/oversized walnuts
from each grade were separated and
weighed for determining the grad-
ing error on weight basis.

Statistical Analysis

Analysis of variance of the data
was performed by SPSS 11.0. All
the data are means of triplicate as-
says, unless otherwise mentioned.
The least significance test at 5%
level of significance was used to test
the difference among the mean val-
ues (Steel et al., 1997).

Results and Discussion

Dimensional, Frictional and Me-
chanical Properties of Walnuts
The dimensional, physical, fric-
tional and mechanical properties of
walnut grades are depicted in Table
2. All the dimensional properties

(equivalent diameter, geometric di-
ameter, arithmetic diameter, area of
transverse surface, sphericity, sur-
face area, aspect ratio, volume and
projected area) followed an increas-
ing trend from grade-1 (very small)
to grade-1V (extra-large). Spheric-
ity range 88.92 to 93.0% indicates
that all the four walnut grades can
be considered as spherical shaped.
Physical properties such as (bulk
density and true density), frictional
properties (coefficient of static fric-
tion, dynamic friction and angle
of repose) and mechanical proper-
ties (drag force and bouncy force)
showed an increasing trend from
grade-I to grade-1V, whereas, poros-
ity showed a decreasing trend. The

Table 1 Material of construction and brief specification of the machine

A. Material of Construction

Sl Component of
No machine

Material used

Purpose of material
selection

1 Feed hopper
2 Casing

3 Rotating Pipes

4 Delivery Chutes
carpet cloth.

5 Sprockets

6 Driving chain

7 Foundation pads Rubber

8 Electrical components [Conducting and insulating

material

Galvanized Iron (Gl Pipes
1.25 inch square)

PVC made with silver
coating, Inside shaft (dia 20
mm) made of mild steel

Mild Steel (16, 18, 22 gauge), |Stiffness, rigidity and

Stainless steel

Industrial chain

Mild Steel sheet (16, 18 gauge), |Stiffness and rigidity
angle iron 1.25 inch square

Rigidity, strength and
vibration absorption.

Light weight with
reduction friction, strength

noise absorption

Better performance,
corrosion resistance

Better power transmission

Vibration and noise
absorption

Electrical transmission
and safety of operator

B. Brief Specification of Machine

1 Over all dimensions of machine, Length = 2.186 m, Breadth = 1.066 m, Height at
feeding end (h1) = 1.397 m, Height at trailing end (h2) = 0.784 m

2 Power source: 1 Hp single phase, AC induction Motor
3 Hopper: Length = 0.279 m, Width at Top = 0.889 m, Width at bottom = 0.1016

m, Height = 0.406 m

4 Casing: Length = 2.186 m, Breadth = 0.938 m, Height at feeding end (h1) = 1.397

m, Height at trailing end (h2) =0.784 m

5 Pipes:

Grade I: Outer diameter (Dy) = 0.05 m, Inner diameter (D;) = D; =0.02 cm
Grade I1: Outer diameter (D,) = 0.048 cm, Inner diameter (D;) = 0.02 cm
Grade I11: Quter diameter (D) = 0.040 cm, Inner diameter (D;) = 0.02 cm

6 Delivery Chutes: Length = 2.159 m, Breadth = 1.092 m, Height = 0.2286 to
0.381 m, Inclination of delivery chutes, ® = 300

7 Drive Mechanism: Chain drive
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porosity is a function of bulk den-
sity and true density. The increase
in bulk density and true density
was about 1.24 and 1.06 folds from
grade-1 to grade-1V respectively.
Therefore the increase in true den-
sity might have a lower effect on
porosity than that of bulk density.
The increasing trend of true den-
sity from grade-I to grade-1V was
reflected in bouncy force as well.
The larger walnuts displace more
fluid which leads to the increased
value of bouncy force. The drag
force values also showed an increas-
ing trend from grade-I to grade-IV.
The reason behind could be the in-
crease in surface area from grade-I
to grade-1V. The large surface area

offers more drag (resistive force) to
the motion of walnuts. The increase
in coefficient of friction (static and
dynamic) from grade-1 to grade-1V
may be due to the reason that larger
size walnuts offer a higher cohe-
sive force on the surface of contact.
Overall the recorded values of
static/dynamic coefficient of friction
were much lower than one, which
indicates that no wearing of rotating
shafts will take place due to friction.
Further keeping in mind that mate-
rial to be handled during grading is
in-shelled walnuts, thus friction will
no way affected the quality of ker-
nels. The increase in angle of repose
from grade-1 to grade-1V could be
possibly due to the reason that large

Table 2 Dimensional, physical, frictional and mechanical properties of walnut grades

Properties Grade-I \ Grade-I1 \ Grade-IlI \ Grade-1V
Eq. diameter (mm) <21.57 >21.57 - >28.30 - >35.00
<28.30 <35.00
Geometric diameter (mm) <22.23 >22.23 - >29.26 - >36.27
<29.26 <36.27
Arithmetic diameter (mm) <22.23 >22.23 - >29.33 - >36.33
<29.33 <36.33
Sphericity (%) <88.92 >88.92 - >01.43 - >93.00
<91.43 <93.00
Surface area (mm?) <1,551.70 >1,551.70- >2,688.30- >4,130.71
<2,688.30 <4,130.71
Aspect ratio <0.88 >0.88 - >0.90 - >0.92
<0.90 <0.92
Volume (mm?) <5749 >5,749 - >13,109.9- >24,970.1
<13,109.9 <24,970.1
Projected area (mm?) <431.79 >431.79- >728.48- >1,102.14
<728.48  <1,102.14
Bulk density (kg/m?) <245.09 263.36 - 288.30 - >303.92
264.70 289.10
True density (kg/m?3) <735.29 764.70 - 773.29 - >784.31
766.29 775.18
Porosity (%) >66.66 65.38 - 62.70 - <61.25
65.63 62.71
Coefficient of static friction <0.190 0.197 - 0.224 - >0.257
0.210 0.245
Coefficient of dynamic friction | <0.220 0.231 - 0.250 - >0.274
0.243 0.260
Angle of repose (°) <37.21 43.50 - 49.36 - >58.12
45.26 53.54
Drag force (N) <20.50 22.71 - 2745 - >72.26
25.19 41.42
Bouncy force (N) <0.056 0.056 - 0.128 - >0.24
0.128 0.24
Grades Length (mm) | Width (mm) | Thickness (mm)
Grade-I (very small) <25 <22 <20
Grade-II (small) >25-<32 >22 -<29 >20 - <27
Grade-I11 (large) >32-<39 >29 - <36 >27-<34
Grade-1V (extra large) >39 >36 >34

size walnuts create a large surface
layer, which helps in holding the
walnuts together by producing high-
er surface tension.

These investigations on dimen-
sional, physical, frictional and
mechanical properties of walnuts
helped in designing of walnut grad-
er. This information will also be
useful for design and development
of walnut handling/processing ma-
chines in the near future also. Val-
ues of most of the properties were
found slightly different than the
ranges reported by various research-
ers for whole walnuts (Ebubekir and
Mehmet, 2010; Ragab et al., 2011
and Hossein et al., 2012). Such dis-
similarity in values can be due to
the reason that there are no recog-
nized varieties of walnuts in Jammu
and Kashmir. The entire production
of walnuts is from seedling trees
and each tree behaves as a variety
and thus exhibits heterogeneity in
walnut characteristics.

Performance Evaluation of Wal-
nut Grader

The data regarding the grading
errors at different treatment combi-
nations depicted in Table 3 reveals
that feed rate, grader slope and open-
ing size had significant effects (p <
0.05) on grading error. A decreasing
trend was observed in grading error
with the decrease in feed rate. High-
est mean grading error (13.18%) was
recorded at highest test feed rate of
1000 kg/h, whereas least grading
error of 3.70% was recorded at low-
est feed rate of 400 kg/h. With the
decrease in slope, the grading er-
ror was found to decrease. Highest
mean grading error (12.80%) was
recorded at 160 slope and the least
(6.55%) at 80 slope. The increase in
grading error with the increase in
feed rate and grader slope could be
justified by the reason that higher
feed rate blocks the grader openings
and higher slope causes walnuts to
roll down at higher velocities, due
to which some small size walnuts
drop through large openings. These
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results are in concomitance with
the findings reported by various
researchers in mechanical sorting/
grading of food materials (Shyam
et al., 1979 in potato sorting; Devr-
ies et al., 1997 in Soybean separa-
tion; Syed et al., 2002 in raw mango
grading and Muhammad et al., 2007
in apple grading). The grading error
was found significantly decreased
with the increase in opening size
from feeding end to trailing end.
Highest grading error of 11.14%
was observed in O, (10-25 mm) near
the feeding end and least (7.22%)
in O, (32-39 mm) near the trailing
end. This could be due to the reason
that torque transmission decreases
from O, (1.24 kNm) to O, (61 x 1072
kNm). The perusal of the results
clearly shows that 8° grader slope
and 400 kg/h feed rate were most
appropriate machine parameters to
achieve maximum mean grading
efficiency (96.3%) and least grading
error (3.70%).

Conclusions

Keeping in view the requirements
of walnut growers/processors of In-
dia, particularly Jammu and Kash-
mir, locally available raw material
and ease of operation a power oper-
ated walnut grader was developed
and tested. The effective throughput
capacity of the machine (337 kg/
h) is much better than the existing
manual grading capacity of 15 kg/
person/h. Besides, mechanical in-
terventions can solve the boredom,
drudgery and other constraints as-
sociated with the manual size grad-
ing of walnuts. Performance of the
grader was evaluated for grading
error, occurred during the opera-
tion. The highest grading efficiency
(96.3%) was obtained at 8° grader
slope and 400 kg/h feed rate. This
study also concludes with some in-
formation on engineering properties
of walnuts grown in the State which
may be useful for further designing
of equipment/machinery for walnut

processing in future.
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Abstract

Single locking cotton feeder was
designed and fabricated with an aim
to maintain constant feeding rate
of individual locules at the ginning
point of Double Roller (DR) gin. It
comprises of a pair of feed roller,
spiked cylinders, grid, feeder hopper
and distributor chute. Spiked cylinder
has spikes, its tips were spaced closer
to the feed rollers than the thickness
of a lock of cotton. The spiked cyl-
inder travel at a greater linear speed
than the feed rollers, whereby cotton
bolls held between the feed rollers
are struck by the spikes of spiked
cylinder, thus ensuring single lock-
ing of cotton. The effect of single
locking of cotton on ginning effi-
ciency of DR gin was studied. Extent
of unlocking was determined by
measuring the change in bulk density
of cotton before and after passing
through the feeder which decreased
with increase in spike cylinder speed.
DR gin output was found to increase
by 15-20% with use of single locking
feeder as compared to conventional
feeding system comprising of auto-
feeder and micro-feeder. Cotton
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quality was also found to improve in
terms of colour grade. Single locking
feeder observed to be highly useful
for Indian cotton ginneries.
Keywords: single locking, feeder,
cotton, double roller gin, ginning

Introduction

Cotton is an important commer-
cial crop of India and about 338 lakh
(33.8 million) bales of cotton were
produced during 2016-17. More than
95% of the cotton produced in India
is ginned on Double Roller (DR)
gins. The output capacity of DR gins
is very low as compared to the Saw
gins and Rotary Knife Roller gins
which are mostly used in USA, Bra-
zil and China. The output capacity
of DR gin ranges from 40-90 kg lint/
h depending on the length of the gin
machine. The capacities of commer-
cially available Saw gins range from
500-1000 kg lint/h and that of Rotary
Knife Roller gin is about from 400-
450 kg lint/h. Quality of the cotton
ginned on DR gins is better than that
of Saw gins (Sharma, 2014). Despite
of this, DR are gins are less preferred

across the world except in India and
some African counties, the main
constraint for its wide spread adop-
tion is its low production capacity.
The DR gins are modified on vari-
oua aspects to increase the ginning
efficiency which is mainly governed
by lint output, lint quality and eneer-
gy conssumption (Patil et al., 2007).
The manufacturers of DR gins have
developed improved versions of DR
gin by increasing roller length from
1,065 to 1,525 mm with an increase
in output from 40 to 90 kg lint/h.
Improvements are carried out in the
material of construction in parts such
as beater shaft, knives, gears, con-
necting rod and eccentric shaft to in-
crease working life of parts and to re-
duce the downtime due to unexpected
breakdown. In an effort to increase
the productivity of DR gin, the gear
box of the gin is modified to have
the roller and beater drives de-linked
and were driven independent of each
other. This modifiction is referred as
‘Variablle Speed DR gin’. The speed
variations of roller and beater are
possible for diferent staple cotton to
get better quality and productivity
(Patil et al., 2003). Self grooving rub-
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ber roller was developed to increase
the gin productivity and roller life
and also to reduce the drudgery of
grooving operation associated with
the leather roller. These modifications
improved working efficiency of the
DR gin to some extent.

The efficiency of DR gin in terms
of output primarily depends upon
the roller speed, beater speed, set-
ting and adjustments, machine
condition, moisture content, staple
length and trash content in the cot-
ton and cotton feeding mechanism
used over the DR gin. Type of feeder
plays an important role in deciding
the ginning efficiency. The Indian
ginneries mostly use auto-feeder in
combination with micro-feeder and
screw conveyor as feeding system.
Commonly encountered problems in
auto-feeder are frequent stoppages,
feeding of seed cotton in lumps,
non-uniform feeding to beater of DR
gin, falling of seed cotton outside
the DR gin, damage to cloth belts,
shifting of belt cloth to one side and
seeds coming out of lower portion of
hopper. In this systems of feeding,
flow rate is often erratic. Feeding
becomes difficult due to entangle-
ment and difficult to maintain the
optimum feed rate to DR gin. Gin-
ning efficiency of the DR gins gets
affected significantly due to these
problems. To improve ginning effi-
ciency, careful attention needs to be
given to improve the feeding system.

Efficient ginning is achieved on gin
machinery with constant and uniform
flow rate and uniform of seed cotton.
Feeder output must be uniform and
steady. The primary function of the
feeding device is to feed seed cotton
to the gin machine precisely. Seed
cotton feeding should be limited
to that which is essential to ensure
smooth and trouble free ginning in
order to obtain optimum bale value
(Antony, 1994).

It is necessary to modify and
restructure feeders, in order to get
efficient ginning with enhanced ca-
pacity of DR gin. The efficiency of
DR gin can be enhanced by replacing

the conventional method of cotton
feeding comprised of micro-feeder
and auto-feeder with a new concept
of feeding individual locules of seed
cotton at the ginning point. This prin-
ciple of single locking of seed cotton
is employed in Saw and Rotary Knife
Roller gins to achieve the efficient
ginning with the desired gin capacity
and bale value. Saw and Rotary Knife
Roller gins employ extractor feeders
to feed seed cotton in single locks
uniformly to the gin stand at control-
lable rates. Feed rollers of the extrac-
tor feeder control the feed rate of seed
cotton to the gin. It provides even
flow of seed cotton to the knife edges
of rotary gin and saw tips in saw gins
(Lummus, 2003). Single locking of
seed cotton ensures controlled feed
rate and increases the production ca-
pacity with the increased bale value
(Baker et al., 1994).

Development of single locking
feeder especially for DR gin would
help to eliminate the flaws in the
existing ginning process and would
help in improve the ginning efficien-
cy. It is expected to increase the gin-
ning efficiency in terms of increased
output, controlled feed rate, increased
ginning percentage, improved grade
of lint and yarn, reduced downtime,
wastage and contamination. The de-
veloped feeder would be useful for
ginning machinery manufactures,
cotton ginners to understand how the
gin feeder affects the overall perfor-
mance of the ginning machine which
would enhance profits of growers
and ginners.

Materials and Methods

Spike cylinder type single lock-
ing cotton feeder cum cleaner was
designed at ICAR-Central institute
for Research on Cotton Technology,
Mumbai by using standard design
methodology and procedure. Each
subassembly and its individual com-
ponent were designed by selecting
the appropriate materials so as to
achieve the intended function effec-

tively. Two and three dimensional
drawings of each machine compo-
nent and subassembly were prepared
using AUTOCAD. The prototype of
the designed feeder cum cleaner was
fabricated and its performance was
evaluated. The effect of single lock-
ing of cotton on ginning efficiency
of DR gin was studied by evaluating
the performance of the prototype in
terms of degree of unlocking of cot-
ton bolls, cleaning efficiency, energy
consumption and output capacity of
DR gin and quality of ginned lint.
Extent of unlocking was determined
by measuring change in bulk densi-
ty of cotton before and after passing
through the feeder.

The developed prototype was
mounted on the commercial double
roller gin with roller length of 1,360
mm. The spike cylinder speed was
varied from 100-500 rpm with the
help of variable frequency drive.
Long staple cotton with 2.5% span
length of about 30 mm was pro-
cessed during testing. The moisture
content of the cotton varied from
5-9%. The Clamp on Power Meter
(CW240) manufactured by Yokoga-
wa, Japan was used for measurement
of energy consumption. The fibre
quality parameters were measured on
High Volume Instrument (HVI) and
Advanced Fibre Information System
(AFIS). The trash analyser was used
to measure the trash content.

Principle of Working

Seed cotton is fed through feed
roller assembly. Spiked cylinder has
spikes, its tips were spaced closer to
the feed rollers than the thickness of
a lock of cotton. The spiked cylinder
travel at a greater linear speed than
the feed rollers, whereby bolls of cot-
ton momentarily held between the
feed rollers are struck by the spikes,
thus ensuring single locking of cot-
ton. The individual locules so formed
are passed over and between the
spike cylinders and the grid under-
neath. Foreign matter gets dislodged
from the cotton by the agitating and
scrubbing action of the cylinders and
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falls through grid. The trash gets ac-
cumulated in the trash chamber. The
individual locules are carried for-
ward by the centrifugal action of the
spike cylinder and dropped into the
distribution chute mounted below the
feeder. The distribution chute equally
distributes the cotton in the form of a
continuous matt on either side of the
beater of the DR gin. Fibres adhere
to the ginning roller of DR gin and
are carried in between the fixed knife
and the roller such that the fibres are
partially gripped between them. The
oscillating motion of the beater beats
the seeds and separates the fibres.
This process gets repeated for each
individual locule thus ensuring the
ginning of the cotton (Fig. 1)

Results and Discussion

Single locking cotton feeder cum
cleaner (Fig. 2) was designed with
an aim to maintain constant and op-
timum feeding rate of individual loc-
ules to ensure locule feeding exactly
at the ginning point across the knife
edges of double roller gin. The de-
signed feeding mechanism replaces
the micro-feeder and auto-feeder of
conventional feeding system.

Fig. 1 Schematic diagram of spike
cylinder single locking cotton feeder
with DR gin

Design and Fabrication

Spike cylinder type single locking
cotton feeder cum cleaner was de-
signed and fabricated (Fig. 3). Feed-
ing mechanism comprises of a pair
of feed roller, pair of spiked cylin-
ders and grid bar housed in a feeder
hopper, chute for cotton distribution
on either side of the beater of DR
gin and power drive arrangement.

Feed Roller Assembly

The function of the feed roller as-
sembly is to regulate the supply of
seed cotton to the spike cylinders in
a controlled manner at a rate in syn-
chronization with the capacity of the
DR gin. Feed roller assembly (Fig. 4)
comprises of a pair of counter rotat-
ing fluted rollers with roller length of
1,283.5 mm. The main components of
feed roller are shaft, flats, driving and
driven pin. Six number of 40 x 3 mm
M.S. flats are mounted on the periph-
ery of the shaft at an equal angular
spacing of 600. The overall diameter
of the feed roller is 124.5 mm. The 16
mm clearance is maintained between
the tips of the flats of two counter
rotating feed rollers. The feed rollers
are driven by 30W DC motor (24 V
and 1.5 A). Variable frequency drive
and voltage control drive is used to

Fig. 2 Schematic diagram of spike
cylinder single locking cotton feeder

vary the speed of feed rollers.

Spike Cylinder Assembly

The primary function of the spike
cylinders is to ensure the unlocking
or single locking of the seed cotton
bolls and the secondary function is to
remove the foreign matter from the
seed cotton. It consists of a pair of
spiked cylinders. Each cylinder (Fig.
5) comprises of shaft, cylinder, spikes
and centre plates. The cylinder with
1,283.5 mm length and 228.6 mm di-
ameter is made out of sheet metal. The
overall dimeter of the cylinder with
the spikes is 279.4 mm. Altogether
200 spikes are mounted in zig zag pat-
tern in eight rows over the periphery
of cylinder. The spacing of 50 mm is
maintained between the two spikes.
The 10 mm clearance is maintained
between the tips of spikes of two cyl-
inders. The spike cylinders are driven
by 2 hp, 1,440 rpm electric motor.
Variable frequency drive is used to
vary the speed of the cylinders.

Grid Assembly

The function of the grid is to en-
sure further unlocking of seed cotton
by agitating and scrubbing action be-
tween spikes and its surface. The dis-
lodged foreign matter falls through

Fig. 3 Prototype of spike cylinder single
locking cotton feeder

Fig. 4 Feed roller
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Table 1 Specifications of spike cylinder single locking cotton feeder

Particulars Values

A. Feed roller assembly

1. Length of feed roller (mm) 1,283.5

2. Number of flats on each feed roller 6

3. Feed roller diameter (mm) 124.5

4. DC motor power to drive feed rollers (W) 30

5. Feed roller speed (rpm) 1-5
B. Spike cylinder assembly

1. Cylinder length (mm) 1,283.5

2. Spike length (mm) 25.0

3. Cylinder diameter with spikes (mm) 279.4

4. Number of spike rows on cylinder 8

5. Spike to spike distance in a row (mm) 50

6. Power to drive spike cylinder (hp) 2

7. Spike cylinder speed (rpm) 100-500
C. Grid assembly

1. Sieve mesh size (mm) 11.2

2. Sieve wire diameter (mm) 1.6

3. Grid concave radius (mm) 150
D. Feeder hopper assembly

1. Length (mm) 1,300

2. Top width (mm) 277

3. Bottom width (mm) 671

4. Height (mm) 739
E. Distributor chute assembly

1. Distributor chute width (mm) 250

2. Distributor chute length (mm) 1,283.5

3. Frame Size (mm) 1,300 x 749 x 353

Table 2 Optimum setting and adjustments for spike cylinder single locking cotton

feeder
Settings and adjustments Values

1. Minimum tip to tip clearance between the flights of two feed rollers 16 mm
when diametrically aligned

2. Maximum tip to tip clearance between the flights of two feed rollers 31 mm
while moving in opposite direction

3. Tip to tip clearance between spikes of two spike cylinders when 10 mm
diametrically aligned

4. Clearance between tip of feed roller flight and tip of spike cylinder 12 mm

5. Clearance between tip of spike cylinder and grid 12 mm

the grid openings. The concave shape
grid assembly (Fig. 6) with radius
of 150 mm is made out of a square
wire mesh of sieve size 11.2 mm with
sieve wire diameter of 1.6 mm. Grid

assembly is mounted below the spike
cylinder assembly. Provision is made
to vary clearance between the tips of
spike on cylinder and the grid in the
range of 12-20 mm.

Fig. 5 Spike cylinder

Fig. 6 Grid

! 'y
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Feeder Hopper

The feeder hopper (Fig. 7) is
designed to house all the three as-
semblies, namely, feed roller, spike
cylinder and grid. The hopper is pro-
vided with suitable inlet to receive
the seed cotton and an appropriate
outlet to deliver the unlocked and
cleaned seed cotton to the distribu-
tor mounted below it. The grid as-
sembly is mounted underneath the
spike cylinders. The trash chamber
is provided below the grid to collect
the trash obtained during cleaning
operation. A sliding window is pro-
vided in the hopper to remove the
trash manually. The overall dimen-
sions of the feeder hopper are 1,300
X 671 x 739 mm.

Distributor Chute

It is designed to receive the un-
locked cotton from the feeder hopper
outlet to convey and drop it evenly
along the length and on either side of
the beater of DR gin. The distributor
chute is attached to the outlet lower
of the feeder hopper. It is fitted in a
rectangular angle iron frame of size
1,300 x 749 x 353 mm.

The specifications of the devel-
oped prototype of the spike cylinder
type of single locking feeder cum
cleaner are shown in Table 1.

Fig. 7 Feeder hopper
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Performance Evaluation

The prototype of single locking
feeder cum cleaner was set and adjust-
ed to the settings as depicted in Table
2. A view of DR gin with single lock-
ing feeder cum cleaner in operation is
shown in Fig. 8. The designed mecha-
nism comprising of pair of feed roll-
ers and spike cylinders and gird was
found to unlock the cotton bolls to in-
dividual locules to the desired extent.
The developed prototype successfully
opened the lumps of seed cotton and
unlocked bolls to individual locules.
The principle on which the prototype
was designed i.e. to ensure single lock-
ing of cotton bolls and to deliver the
individual locules to the ginning point
of DR gin was found to work satis-
factorily. The desired unlocking of
cotton bolls was obtained that resulted
in efficient ginning on DR gin. Single
locking was evidenced by decrease in
bulk density of the cotton.

Bulk density was found to decrease
with the increase in the speed of
spike cylinders. Bulk density found
to decrease by 10-30% with increase
in cylinder speed from 200-400 rpm.
Output of the DR gin was found
to increase by 15-20% with use of
single locking feeder cum cleaner as
compared to the conventional feed-
ing system comprising of auto-feeder
and micro feeder. The increase in
output may be attributed to open-
ing of lumps of cotton, removal of
entanglements within the boll and in-
dividualisation of fibres adhering the
cottonseed. Unlocking increased the
surface area of cotton thereby more
number of fibres came in contact and
adhered to the ginning roller in the
given time. The energy consumption
of the feeder was found to vary be-
tween 0.18-0.25 kW/h for the speeds
ranging from 200-400 rpm (Table 3).

Cotton quality improved in terms
of colour grade which is evidenced
from the reduction in trash content,
increase in degree of reflectance and
reduction degree of yellowness. Im-
provement in colour grade may be
due to unlocking of cotton bolls and
removal of trashes. The prototype

Table 3 Performance evaluation of spike cylinder single locking feeder in

comparison to conventional feeder

Parameters Values
1. Increase in capacity of double roller gin (%) 15-20
2. Degree of unlocking in terms of decrease in bulk density (%) 10-30
3. Cleaning efficiency (%) 20-30
4. Increase in energy consumption (%) 5-7
5. Increase in degree of whiteness (Rd) of lint (%) 5-10
6. Reduction in degree of yellowness (b+) (%) 5-10

successfully removed fine trashes,
leaf bits, dust etc. The cleaning ef-
ficiency was found to vary from
20-30 % depending on the initial
condition of the cotton. The degree
of whiteness was found to increase
by 5-10% whereas the degree of
yellowness found to decrease by
5-10%. The other quality param-
eters such as fibre length, strength
and micronaire remain unaffected.

Conclusions

Spike cylinder type single lock-
ing cotton feeder cum cleaner was
observed to be successful for single
locking of cotton bolls that resulted
in enhancing the ginning efficiency
of double roller gin. The output of
the double roller gin with the use of
single locking feeder was found to
increase by 15-20%. The fibre quality
of the cotton processed using feeder
was improved in terms of reduction
in trash, improved whiteness and re-
duction in degree of yellowness. With
the above advantages, the single lock-
ing feeder would be highly useful for
Indian cotton ginneries.
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Abstract

Nigeria is well known for its an-
nual production of coconut which
amounts to over 265,000 tons/year.
Dehusking of coconut has been
done manually through the use
of machete. Due to the difficulty
involved in dehusking coconut us-
ing the manual method, there is the
need to mechanize its operation by
developing an indigenous coconut
dehusking machine. The machine
comprises of rollers with spikes,
chain drive, gears, electric motor,
bearings, shaft, speed reduction
gear box and sprockets.The machine
performed best using a local variety
of coconut having an average mois-
ture content of 5.08% (d.b.) to give
an average machine capacity and

Fig. 1 Coconut and its parts

percentage throughput of 175 coco-
nut/h and 84%, respectively.

Keywords: Coconut, Moisture
Content, Diameter, Dehusking, Ca-
pacity, Throughput

1. Introduction

Coconut is known widely for its
culinary and non-culinary uses. Ni-
geria is the 19th largest coconut pro-
ducer with an annual production of
265,000 tons and has room for great
improvements on its productions due
to the availability of vast lands and
arable soils in the tropics (FAOSTAT,
2014). There are many methods of
dehusking coconut (Abi and Jippu,
2014); manually, mechanically and
sometimes with the use of automated
machines. Manual dehusking with
the use of machete is the most com-
mon method of dehusking coconut in
Nigeria. There is need to improve on
the method of dehusking coconut in
Nigeria as the manual method mostly
used is somehow unsafe, uncomfort-
able and uneconomical. Though,
there exist some coconut dehusking
machines that have been designed

Abeokuta, Ogun State, NIGERIA

and developed in some Asian coun-
tries that are still facing one chal-
lenge or the other such as high cost
of importing this machinery into the
country, unreliability of these ma-
chines for use with our local variety
of coconut, unavailability of these
machines in the commercial market,
etc. Based on these problems, there is
need to design and develop an indig-
enous coconut dehusking machine
that will easily dehusk coconut in
order toincrease its productivity and
encourage investment in this area.
Fig. 1 shows the pictorial view of the
coconut and its parts.

2. Materials and Methods

2.1 Design of Machine Parts
2.1.1 Main Frame

The mainframe of the machine
was made up of 50 mm by 50 mm
mild steel angle iron. The length,
width and height of the mainframe
were 440 mm, 440 mm and 700
mm, respectively.

2.1.2 Diameter of Shaft
The shaft diameter was deter-
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mined using the expression given by
Khurmi and Gupta (2005) as:
A3 = 5.1 / T (KoM, + (K T)?

@
where,
M, = Maximum bending moment
(Nm)

T = Torque (Nm)
Tmax = Maximum shear stress (N/
m?)

d = Diameter of shaft (m)

K, = Bending moment factor

K; = Torque factor

The shaft diameter was calculated
to be 35 mm.

2.1.3 Drive Mechanism

The drive mechanism of the ma-
chineincludes electric motor, speed
reduction gear, sprockets, chains
and gears.

2.1.3.1 Electric Motor
A. Power Required to Dehusk Coconut
The power required to dehusk co-
conut is expressed as:
P =2aNT /60 )
where,
P = Power generated (W)
N = Speed of rotation (rpm)
T = Torque (Nm)
The torque was further expressed
as:

T=Fxr ®))

where,

T = Torque required to dehusk co-
conut (Nm)

F = Force (N)

r = Perpendicular distance from

Table 1 Experimental design

Fa(c,\t/cl))r 1 Faglgc;r 2 Replicates
M, D, M,D,R, M;D.R, M;D;R; M;D,R, M;D;Rs
M, D, M,D,R, M;D,R, M,D,R; M.D,R, M;D,Rs
M, D, M;D;R, M;D;R, M;D;R; M,D;R, M;D;Rs
M, D, M,D,R, M,D,R, M,D;R; M,D,R, M,D,Rs
M, D, M,D,R, M,D,R, M,D,R, M,D,R, M,D,Rs
M, D, M,D;R, M,D;R, M,D;R, M,D;R, M,D;Rs
M, D, M,D,R, M,D\R, M;D;R; M,D,R, M;D;Rs
M, D, M,D,R, M,D,R, M;D,R, M,D,R, M;D,Rs
M, D, M,D;R, M;D;R, M;D;R, M,D;R, M;D;Rs
Where,

M = moisture content of the husk, D = diameter of the coconut and R = replicates.
Likewise, M, = 60.40%, M, = 30.02%, M; = 5.08%; D, = 109.8 mm, D, = 159.0 mm

and D; = 198.1 mm.

force to the point of load (m)
The force required to dehusk
coconut, according to Alonge and
Adetunji (2011), is 6 kN. By consid-
ering a perpendicular distance of 0.1
m and an average speed of 20 rpm,
therefore, the torque and power
required to dehusk coconut can be
calculated as follows:
T=6000N x 0.1 m=600Nm
P =2z x 20 x 600) / 60 =~ 1257 W
(1.68 hp)

B. Power Required to Rotate Mass
(Transmission)

Total mass acting on the rotating
shaft = Mass of gears + mass of
cylinders and spikes + mass of
sprocket = 5.64 kg + 17.72 kg +
3.02 kg = 26.38 kg

Force = mass x acceleration due to
gravity = 26.38 x 10 = 263.8 N

Torque = Force x perpendicular

distance from force to the point
of load = 263.8 x 0.1 = 26.38 Nm
Power to rotate mass = 2aNT / 60
= (2n x 20 x 23.7) / 60 = 55.26
W =0.074 hp
Therefore, the total power re-
quired to operate the machine =
1.68 hp + 0.074 hp = 1.754 hp
A 2 hp electric motor is suitable
to operate the machine.

C. Design for Speed of Sprockets

Velocity ratio =N, / N, =T,/ T,
(Khurmi and Gupta, 2005) (4)

where,

N, = Speed of the small sprocket
(rpm)

N,= Speed of the large sprocket
(rpm)

T, = Number of teeth on the small
sprocket

T, = Number of teeth on the large
sprocket

Fig. 2 Orthographic projection of the machine (All dimensions in mm)
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Table 2 Diameter of coconut

Table 3 Moisture content (d.b.) of coconut husk

S/N Small Medium Large

(mm) (mm) (mm)
1 111.1 158.2 178.2
2 124.0 157.5 199.3
3 115.2 160.2 200.8
4 109.2 161.4 199.2
5 113.0 157.8 205.7
6 109.0 161.0 180.6
7 103.0 159.4 185.8
8 116.1 148.5 179.5
9 108.0 156.8 193.7
10 107.2 159.3 196.2
11 106.6 160.3 210.2
12 112.2 158.1 205.4
13 105.1 159.2 189.7
14 106.7 160.1 246.3
15 100.6 167.2 200.4
AV. 109.8 159.0 198.1
Sl 2313 380  16.70

Substituting the values of T, = 19,
T, =39, N, =40 rpm into (4), N, =
20 rpm

D. Length of Chain
The expression for thelength of
chain is given by Khurmi and Gupta
(2005) as:
L=KxP ®)
where,
L = Length of chain (mm)
K = Number of chain links
P = Pitch of the chains (mm)
But
K=[T, +T,) /2] +[2x/P]+ [(T,
- Ty /2xn)?P / x (Khurmi and
Gupta, 2005) 6)
where,

Fig. 3 Isometric view of the machine

Replicates
Category *M.C1 | M.C.2 M.C.3 M.C4 M.C.5 | Avegare | Standard
(%) (%) (%) (%) (%) (%) |deviation
Wet 60.3 63 58 61.2 59.5 60.40 1.87
Fairly Dry 30.8 35.4 291 305 243 30.02 3.91
Very Dry 8 5 15 4.5 6.2 5.08 2.45

* Moisture content

T, = Number of teeth on the small
sprocket

T, = Number of teeth on the large
sprocket

P = Pitch of the chain (mm)

x = Centre distance (mm)

Given T, =19, T, = 39, N, = 40
rpom, N, = 20 rpm, x = 280 mm,
P=25mm

By substituting into equation (6),
K=52.31

By substituting K into equation
(), L=1307.8mm=13m

2.1.3.2 Speed Reduction Gear Box

The gear box is made up of worm
gears whose primary function is to
reduce the speed from the electric
motor. Its reduction ratio is 36: 1.
Italso has chain and sprockets at-
tached to it to further reduce its
speed to 20 rpm. The selection of
the motor is based on the speed the
shaft is required to rotate. Fig. 2
shows the orthographic view of the
machine while Fig. 3 shows the iso-
metric view of the machine.

2.2 Operation of the Machine

The machine is made up of rollers
with spikes welded unto them. The
speed of rotation is low in order to
produce the desired torque needed
to dehusk the coconut. A coconut
is placed between the rollers when
in operation. Once the coconut is in

Fig. 4 The fabricated machine

contact with the spikes, the spikes
penetrate the husk of the coconut
and tears it off thereby leaving the
coconut. The machine is shut off in
order to retrieve the coconut. This
operation is carried out one after the
other. The handle of the coconut is
used to hold the coconut in place.
The electric motor is provided with
a switch that is usedfor controlling
the on and off of the machine during
operation. Fig. 4 shows the pictorial
view of the fabricated machine.

2.3 Testing Procedures

Tall local coconut variety was
harvested and used in testing the
machine. The coconuts were cat-
egorized according to their average
moisture content and diameter. The
capacity and percentage throughput
of the machine were used to evalu-
ate the machine performance.

2.4 Experimental Design

Table 1 shows the experimental
design of two factors at three levels
each with five replicates.

3. Results and Discussion

3.1 Coconut Diameter and Husk
Moisture Content

The average diameters obtained
for small, medium and large size of
un dehusked coconuts as shown in
Table 2 were 109.8 mm, 159.0 mm
and 198.1 mm, respectively. The
average moisture content (dry basis)
obtained for wet, fairly dry and very
dry coconut husk as shown in Table
3 were 60.40%, 30.02% and 5.08%,
respectively.
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3.2 Machine Capacity and Per-
centage Throughput

It can be deduced from Table 4
that the experiment which consist
of two factors (moisture content and
coconut diameter) at three levels
eachwith five replicates, recorded an
average machine capacity and per-
centage throughput of 45 coconut/h
and 48%, respectively, when tested
with coconut having an average
moisture content of 60.40% (d.b.).
When the machine was tested with
coconut having an average moisture
content of 30.02% (d.b.), the aver-
age machine capacity and percent-
age throughput obtained were 97
coconut/h and 64%, respectively.
Likewise, when the machine was
also tested with coconut having an
average moisture content of 5.08%
(d.b.), the average machine capac-
ity and percentage throughput ob-
tained were 175 coconut/h and 84%,
respectively. The result obtained
showed a sign of improvement over
the machine developed by Nwank-
wojike et al. (2012) which gave a
machine capacity of 79 coconut/
h which could be as a result of the
type of coconut variety used in test-
ing the machine.

3.3 Effects of Moisture Content of
Husk and Diameter of Coconut on
Machine Capacity

The results obtained from the
Analysis of Variance (ANOVA)
are presented in Table 5. It can be
deduced from Table 5 that mois-
ture content of husk had significant
effect on the machinecapacity at p
< 0.05 while the diameter of coco-
nut had no significant effect on the
machine capacity at p < 0.05. The
interaction between the moisture
content of huskand diameterof co-
conuthadsignificant effect on the
machine capacity at p < 0.05.

3.4 Regression Analysis
Two models were developed using
regression analysis to predict the
capacityand percentage throughput
of the machine. The twoequations
generated were:
C=0.18D -2.34M + 151.72 @)
T=0.92D - 6.45M + 7177 8)
where,
M = Moisture content of the coco-
nut husk (%)
D = Diameter of the coconut (mm)
C = Capacity of the machine (co-
conut/h)
T = Percentage throughput of the
machine (%)

Table 4 Experimental results obtained with two factors and five replicates

The model generated for predict-
ing the capacity of the machine
as shown in Equation (7) has a R-
squared value of 0.774. Equation
(7) simply shows that an increase
in the diameter of coconut will in-
crease the machine capacity. But an
increase in the moisture content of
the husk will decrease the machine
capacity.

The model generated for predict-
ing percentage throughput of the
machine as shown in Equation (8)
has a R-squared value of 0.978. In
the case of Equation (8), an increase
in the diameter of coconut will in-
crease the percentage throughput of
the machine whereas an increase in
the moisture content of the coconut
husk will decrease the percentage
throughput of the machine. Having
determined the value of the mois-
ture content and diameter of the co-
conut, these equations can be used
to predict the capacity and percent-
age throughput of the machine.

3.5 Effect of Moisture Content on
the Throughput and Capacity of
the Machine

During machine testing, the coco-
nuts that were completely broken or
shattered were mostly coconuts hav-

Replicates
Average Average Average Capacity | Throughput
néghstzunrf d(:lgnmtggetr Time taken (s) to dehusk the replicates ’ pacty o
(%) (mm) () (coconuts/h) (%)
60.40 109.8 45 47 39 49 60 48 56 43
60.40 159.0 80 70 72 90 60 74.4 43 48
60.40 198.0 90 120 85 70 60 85 38 54
Average 45 48
Std. dev 9.29 5.50
30.02 109.8 30 32 28 38 33 322 89 62
30.02 159.0 28 29 30 22 27 27.2 102 66
30.02 198.0 25 28 27 27 28 27 102 66
Average 45 48
Std. dev 9.29 5.50
5.08 109.8 18 19 17 17 16 17.4 141 78
5.08 159.0 10 1 13 10 9 10.6 193 87
5.08 198.0 11 13 10 11 8 10.6 193 87
Average 45 48
Std. dev 9.29 5.50
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Table 5 ANOVA result for the effect of moisture content of husk and diameter of

coconut on machine capacity

sV ss | Df MS F | sig.
M 25,232.933 2 12,616.467 152.803 .001
D 525.733 2 262.867 3.184 053
M * D 3,345.733 4 836433 10.130 001
Error 2,972.400 36 82.567
Total 32,076.800 44

Key: M = Moisture content of husk, D = Diameter of coconut

ing the husk average moisture con-
tent values of 60.40% and 30.02%
(d.b). These categories of coconuts
fall under the small coconut size that
had an average diameter of 109.8
mm. This led to the increase in the
number of broken coconut as the
machine was unable to dehusk the
coconut fed into the machine. The
percentage weight loss in throughput
was mostly due to the breakages ob-
tained.The percentage weight loss in
throughput was also because some
fibers were trapped in the machine
and couldn’t be recovered. The exo-
carp of the fairly dry coconut were
not very strong to withstand the
impact of the spikes when the husk
have been removed. This also led to
breakage of some of the coconuts.
The electric motor had a switch in
order to switch off the machine once
a coconut is de-husked and retrieved.
A delay in the switching off of the
machine after dehusking of the co-
conut is another possible cause for
the spikes on the rollers to penetrate
the endocarp of the coconut, thereby
causing the breakage of the coconut.

It is important as well to state that
the space between the rollers played
an important role in the dehusking
of coconut as it was observed that
the larger coconuts did not easily
break because they had less space

Fig. 5 Broken Coconut

between the rollers compared to
the coconuts of smaller sizes which
easily got in between the rollers and
were shattered during the process.

In order to obtain a good result,
the machine needs to be operated
with a very dry coconut that has an
average moisture content of 5.08%
(d.b.). This will improve the ma-
chine capacity and as well reduce
the percentage loss in the through-
put of the machine.

Fig. 5 shows the pictorial view of
a broken coconut sample obtained
during testing operationof the ma-
chine. Fig. 6 shows the pictorial
view of a completely de-husked
coconut obtained from the machine
during its performance evaluation
as Fig. 7 shows the pictorial view of
the coconut husk.

4. Conclusions

A coconut dehusking machine
was designed, constructed and eval-
uated. It was discovered during ma-
chine testing that the machine per-
formed well when a coconut with an
average moisture content of 5.08%
was used for dehusking to give an
average machine capacity and per-
centage throughput of 175 coconut/h
and 84%, respectively. The machine

Fig. 6 Completely De-husked coconut

was designed in a simple way such
that it is made available to our local
farmers in Nigeria at an affordable
price. One person can easily operate
the machine. This research work has
been able to meet its objectives by
reducing the energy expended dur-
ing dehusking of coconut through
the use of machete. This will defi-
nitely improve coconut production
in Nigeria.
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Abstract

Corn harvesting has been the bot-
tleneck of maize scale production
in the Huang-Huai-Hai Plane. The
factors affecting the harvesting of
maize grain are as follows: the bio-
mechanical properties of maize and
the technical parameters of harvest-
ing machinery. In this study, it has
been described that how a thresh-
ing system was established on a set
of tangential flow-transverse axial
flow. The grain damage rate was
selected as the target of this experi-
mental study, and the target’s varia-
tions were investigated with respect
to the biological characteristics of
maize. The threshing tests were
carried out to determine the effect
of the main biological factor, that
is, the moisture content of grains.
Thereafter, the primary technical
parameters were defined for the

peripheral velocity of the threshing
drum. The feed amount was kept
economical at 2.6 kg-s?, while the
threshing clearance was maintained
36 mm when corn ears with an av-
erage diameter in this study. When
the moisture content was below
28%, the threshing capacity of the
tangential flow drum was similar to
that of the axial flow drum. When
the moisture content was more than
28%, the threshing capacity of the
tangential flow drum decreased sig-
nificantly. When the moisture con-
tent was 24-26% and the peripheral
velocity of the axial flow threshing
drum was 17.28 m-s?, the minimum
value of the grain broken rate of the
threshing system was minimum,
with an average value of 1.7%.
Keywords: maize ear, threshing
system, grain damage rate, moisture
content, drum peripheral velocity

Introduction

The Huang-Huai-Hai Plane is the
main grain-producing area in China.
The most farmers cultivate wheat
and maize as rotational crops each
year. During the corn harvest season,
the corn matures but the water con-
tent remains higher in these grains.
The grain damage rate is higher with
mechanized harvesting. Climate,
planting system, agronomic growth,
etc. are some of the factors govern-
ing the efficiency of mechanized
harvesting! 2!, which in turn seri-
ously impacts the quality and safety
of the corn produce®-!. The harvest-
ing process consists of three stages:
picking, drying, and threshing. This
approach of harvesting fails to adapt
the developments of corn industry,
because labor and economic costs
are the primary reasons that are re-
stricting the proliferation of conven-
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Fig. 1 Maize threshing test system
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1. Feeding device, 2. Feeding port, 3. Tangential flow drum, 4. Axial flow drum, 5. Grid grating,
6. Torque speed sensor, 7. Motor, 8. Electrical control cabinet (inverter), 9. Grain collection box

tional harvesting. Recently, efforts
have been made to ensure that the
low corn damage rate is achieved de-
spite carrying out mechanized grain
harvest in the Huang-Huai-Hai area.
The empirical model of these efforts
has not yet been developed; there-
fore, it is needed to further investi-
gate whether grain harvesting and
collection of corn germplasm can be
achieved with a heterosis model in
this region 1,

With respect to the corn crop, the
most important performance indica-
tors of combine harvester threshing
system are as follows: grain dam-
age rate, threshing loss rate, and
impurity rate; these parameters are
affected by factors, such as bioaccu-
mulation of grain, moisture content,
feed amount of material, periph-
eral velocity of threshing drum,
threshing clearance, etc. During the
process of threshing, the machine
has to overcome frictional forces
between grains and the adhesion
force between the cob and grains;
the magnitude of the adhesion force
depends on the moisture content
and the position of the grain on the
eart’l. At the ear base, the corn ker-
nels are attached very strongly to
the cob. In contrast, the same corn
kernels are weakly attached to the
cob at the top end of the ear. Within
a certain range of the moisture con-
tent, we notice that the adhesion
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force increases proportionately with
the increasing moisture content™ &,
The interaction between the mate-
rial and the threshing system is a
very complex, dynamic process. To
investigate the laws of maize thresh-
ing, researchers have developed a
mathematical model of theoretical
analysist'*), Then, they have con-
ducted both natural and simulation
experiments of this modelts-°1, In
some studies, researchers have used
the discrete element method™” to
formulate the law of maize thresh-
ing[21-23]_

Since the threshing process of
corn ear is a complex process due to
the biocomposite nature of corn ear,
there are limitations in the various
mathematical models proposed to
develop the maize threshing theory.
In this study, we established a maize
threshing system based on a set of
"tangential flow-transverse axis
flow". The primary objective of our
novel grain harvesting program was
to reduce the corn damage rate.

Materials and Methods

Experiment Materials

The Henan Province Crop Variety
Approval Committee has recom-
mended the test corn varieties ‘QY8’
while carrying out analysis in the
Huang-Huai-Hai Plane; the test va-
rieties need to be checked both dur-
ing sowing and harvesting seasons.
To perform the test, we obtained
bracts of maize ears in the ripening
period of October 2016; the planting
site was located on the Yellow River
shore test field of Henan Ligi Seed
Co., Ltd. The growth of field maize
was monitored every day. As soon
as the water content of maize grains
was equal to test requirements, we
carried out artificial harvesting of
the quantity of ear produced at that
stage. Then, we subjected the col-
lected corn earns to testing proce-
dures.

Using the five point sampling
method, we measured the following
parameters of maize: the length of
each corn ear, the diameter of each
corn ear, the number of rows in each
ear, the number of core, and the di-
ameter of the cob. Based on the data
of various parameters, we adjusted
the technical parameters of the test
system. The statistical results are
shown in Table 1.

Experiment System

In Huang-Huai-Hai Plane, 4YL-
4/5 harvester threshing system is
most commonly used in mechani-
cal machines meant for harvesting
corn grains. This threshing system
adopts the “tangential flow + trans-
verse axial flow” technology in its
unit structure; it is driven by 37
kw power produced by the variable

Table 1 Statistical indices of biometrical traits of maize ears of variety ‘QYS8’

Parameter Unit | Rangevalue | Average value.
Ear length (with bracts) mm 250-270 260
Ear diameter (with bracts) mm 50-60 55
Number in the vertical rows 35-40 37
Cob mass (moisture 26%) g 45-60 51
Ear mass with bracts (moisture 26%) g 290-350 320
Cob diameter mm 20-30 25
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frequency motor?¥, The threshing
chamber consists of a grid concave
plate screen; a fixed number of
guide plates are set inside the cover.
An intelligent instrument is used
for torque/speed measurements; this
instrument is arranged between the
motor’s output end and the thresh-
ing drum. It monitors the real-time
changes in torque, rotational speed,
and power of the system during
the threshing process. The basic
structure of the threshing system is
shown in Fig. 1.

The design of the threshing sys-
tem is explained as follows!>*:: The
structure of the threshing drum is
illustrated in Fig. 2a. It consists of
two components, namely tangential
flow drum and axial flow drum. The
tangential flow drum has a cylin-
drical tooth structure; the six rows
of teeth have a spirally staggered
arrangement to facilitate the propel-
ler combing the corn ear. Then, the
corn ear moves into the axial flow
drum, as shown in Fig. 2b. At this
stage, the corn ear is subjected to
threshing strokes in the drum.. The
structure of axial flow drum has
a mixed arrangement of column
tooth/plate tooth; the column has
a strong ability to grasp the mate-
rial, and it exerts a carding effect
to strike off the right balance. The
plate tooth strongly exudes adapt-
ability by exerting a rubbing effect
on the unevenly fed crop layers.
The separation efficiency of thresh-
ing process is enhanced with the
mixed arrangement of column teeth
and plate teeth. The structure of
the axial flow drum has three func-
tional sections: threshing, sieving
and discharging; these functions are

a. Tangential flow drum

carried out by the three sections of
the ring baffle. The main objective
of this assembly is to slow down
the rapid flow of materials and to
increase threshing time. Therefore,
plate teeth are aligned into a certain
angular arrangement, and they initi-
ate the process by playing a pivotal
role.

The feed conveyor transports corn
ears to the hopper. After being sub-
jected to threshing in the tangential
flow drum, the corn ears are fed into
the axial flow drum of the threshing
chamber: the grains are shed under
the action of the centrifugal force
exerted by the concave plate sieve,
driving the separated grains into
the lower set of grain storage box.
Following the separation of grains
from the ear, the lighter but larger
materials, such as bracts and shafts,
are diverted into the straw separa-
tion area via the cover guide plate
of the threshing chamber. Then,
they are thrown out of the bench. To
accurately analyze the threshing ca-
pabilities of the various functional
sections in the threshing system,
and to formulate the law of distri-
bution of particles along the drum,
we divided the threshing chamber
is divided into three sections: (A)
the tangential flow region, (B) an
axial flow region, and (C) a sieve
discharge region. To further deter-
mine the operating performance
of the each zone in the threshing
system, we divided each zone into
three cells along the axial direction:
In the sieve discharge region (C),
the separation of grains was carried
out, depending on whether they co-
erced into the straw or broken from
corn cobs. Thus, entrainment loss

Fig. 2 Structure of threshing drum

was prevented in section (C). Based
on the statistical data of previous
threshing tests, the amount of grain
sieved from the threshing total grain
was 0.9 to 1.6% in section C; the
data were accurate enough to avoid
the need of a separate in-depth anal-
ysis.

Experimental Investigation

The principle of corn thresh-
ing primarily includes the thresh-
ing impact on corn ear as well as
the knead and rub action existing
among three entities: corn ears,
threshing drum, and concave plate
sieves; the concurrent actions of
these entities ensure that the grain
peels offi24, In terms of efficiency
and loss rate, the grain breaking rate
primarily defines the performance
of maize grain harvesting equip-
ment. The quality of the commod-
ity is severely hampered with an
increase in the content of damaged
grains; moreover, the respiration in
damaged grain is much greater that
in normal grains. Consequently,
mildew forms at a much faster rate
on damaged grains, seriously affect-
ing the quality of commercial corn
to such an extent that its food safety
standards become questionable. In
most cases, impurity rate and other
similar indicators are not considered
to be serious, but grain damage rate
is a serious problem that is impact-
ing the commercial prospects of
corn grain harvest in the Huang-
Huai-Hai Plane of China. In fact,
the problem of damaged grains is
so severe that it is now being con-
sidered as the only indicator of the

b. Axial flow drum
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performance of harvesters. In this
paper, an experimental analysis was
conducted to determine the factors
affecting the grain damage rate of
maize threshing process.

Determine Effect Factors

In threshing process, the fac-
tors affecting the fragmentation of
grains were as follows: the moisture
content of grains, the peripheral ve-
locity of threshing drum, threshing
clearance, and feedstock material.
The factors mainly affecting the
threshing process were analyzed to
simplify the experiment, whereas
the feeding amount and the thresh-
ing gap were simplified according to
the situation prevailing during the
threshing process; the feed amount
corresponding to 2.6 kg-s! is used
to perform threshing tests. The
threshing clearance is the minimum
distance between the top of column
tooth or plate tooth and the concave
transverse bars; the threshing clear-
ance of the apparatus is dependent
on the internal diameter of maize
ears and cobs. According to the
material movement direction, the
beginning clearance is the concave
clearance at the beginning; this
parameter should be smaller than
the average diameter of corn ear.
The end clearance is the conclave
clearance at the end; this parameter
should be half of the cob diameter
[18]. Based on the statistical results

defining the biological traits of
‘QY8’8. 24 the beginning clear-
ance is adjusted to 36 mm, whereas
the end clearance is adjusted to 12
mm. This is because the beginning
clearance includes the clearance of
tangential flow drum. In totality, the
threshing clearance lies in the range
of 36-12 mm, with a clearance ratio
of 3.

The threshing test measurements
quantify the influence of grain
moisture content and the peripheral
velocity of threshing drum. The
growth rate, dehydration rate, and
the moisture content of different
parts of corn ear were different.
Furthermore, the structure and me-
chanical properties of keratinous
endosperm, powdery endosperm,
and the embryo of corn kernels were
also different. All these features of
maize grains were significantly af-
fected by the water-bearing state of
corn, because they were unstable
composite biomaterials in that state.
In contrast, the dehydration process
was the result of internal pressure
experienced by the grains apart
from the external tensile stress,
so the process of dehydration was
completely opposite to the moisture
absorption process. In the threshing
test, it is not possible to determine
the moisture content precisely as
completely exact values cannot be
obtained with the experimental
measurements; the results are only

Fig. 3 The collected grains are in the box

in accordance with the moisture
content range of fuzzy test and
evaluation. The moisture content
of maize ears was monitored in
the experimental field. During the
natural dehydration process, the
moisture content range of 22-32%
is an average range; this average
range is further divided into five
intervals for performing the thresh-
ing test. Based on the results of
conventional threshing tests and the
related threshing studies focusing
on maizel'® %241 we conclude that
the peripheral velocity of threshing
drum is generally between 15-22
m-st while threshing corn ears with
high moisture content. If the pe-
ripheral velocity of threshing drum
is too high, then the impact is also
too large on the grains. As a con-
sequence, the grain damaged rate
increases sharply; the amount of
broken straw also increase tremen-
dously, increasing the burden on the
machine’s cleaning mechanism. All
these effects completely translate
into higher power consumption by
the harvesting machine. If the pe-
ripheral velocity of threshing drum
is too low, then the impact is insuf-
ficient on the grain; therefore, the
grain will not shed from its chaff.
Moreover, because the material
persistently resides for a long time
to in the threshing room, the rub-
bing action is repeated several times
on grains. The final result would
be undesirable as the grain dam-
age rate would increase sharply. In
the threshing drum, the peripheral
velocity of axial flow drum is cho-
sen as 15.84 m-s?, 17.28 m-s?, 18.72
m-s?, 20.16 m-s?, and 21.6 m-s¥,
and the speed of the corresponding
tangential-flow drum is 16.53 m-s?,
18.03 m-s?, 19.53 m-s?, 21.06 m-s?,
and 22.56 m-s™,

Experimental Results and Analysis

Based on the statistical data on
damaged grain identification(*® 27,
Fig. 3 illustrates the effect of thresh-
ing test on grain collection process:
An appropriate amount of threshing
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grains is sampled out from the grain
collection box. After removing
impurities, 200 g of the sample is
weighed. From this proportion, the
grains damaged by the machine are
sorted out easily as they have an ob-
vious crack. Then, we weighed the
quantity of damaged grain and the
total grain mass. With these param-
eters, we calculated the grain dam-
age rate according to the following
formula:

Z,= (W, /W) x 100 % @)

where, Z, is the grain damage rate
in terms of %; W, is damaged grain
weight expressed in g; W, is the total
weight of sampled grains, and it is
expressed in g.

A comparison of the threshing
amount between the tangential flow
drum and the axial flow drum: To
compare the threshing amount in the
three areas, namely, (A) the tangen-
tial flow region, (B) the axial flow
region, and (C) the sieve discharge
region, we calculated the average
threshing amount obtained during
the threshing test of each threshing
area. As shown in Fig. 4, the aver-
age threshing amount of the three
regions in A, B, and C were 41.9%,
44.5%, and 13.6%, respectively.

Within the different ranges of
moisture content, Fig. 5 illus-
trates the relationship between the
threshing amount of segments in
the threshing system and the grain
moisture content. When the mois-
ture content is less than 28%, the
threshing amount in the axial flow
section and tangential flow section
is almost same; the average differ-
ence between the two threshing
amounts lies within 1%. When the
average moisture content is 25%, the
difference between the two thresh-
ing amounts is only 0.4%. With an
increase in the moisture content of
the material, threshing amount pro-
duced in the tangential flow drum
decreased but that in the axial flow
drum increased. Meanwhile, the
threshing amount in region C also
increased in a synchronous manner.
The experimental results indicate

that if the moisture content of grains
is controlled below 28%, the thresh-
ing capacity of the tangential flow
drum is almost equal to that of the
axial flow drum. When the grain
moisture content is greater than
28%, the threshing capacity of the
tangential flow drum is significantly
less than that of the axial flow drum.
According to a previous study on
the material properties of corn ears,
the line clearance and ring gap of
grains on corn ears increased obvi-
ously with the decrease in grain
moisture content, provided the
moisture content is less than 28%.
This indicates that dehydration in
grains causes the shrinking of grain
volume®®, thereby decreasing the
agglomeration of grains and reduc-
ing the difficulty of threshing.
Studies have shown that the action
time of the material in the threshing
system is about 2-3 s>, When the
material is fed into the threshing
room of axial flow drum, they are
subjected to repeated combat. Con-
sequently, they flip and squeeze with
each other whilst rubbing against
each other for a long time. Thus, the
threshing effect is relatively com-
plete on grains. During the thresh-
ing process in the tangential flow
drum, the material from the feeding
inlet compels the tangential flow
drum to drive it out of the region A
with high speed; the expended time
length is only 0.021-0.029 s as per
theoretical calculation. Within that
moment, the corn ear strike with
high speed and create an impres-

Fig. 4 Demineralization of each section

of threshing flow drum

sive impact on the concave plate
sieve squeeze to achieve tangential
threshing. The time of action is
very short for achieving significant
threshing of ears with high moisture
content. Consequently, tangential
flow drum pushes more material
into the threshing room of axial
flow drum. As a result, the thresh-
ing room of the axial flow drum
witnesses a large amounts of mate-
rial being subjected to retardation,
and the risk of clogging increases
tremendously with the amassed ma-
terial.

Because our threshing system is
based on “tangential flow + trans-
verse axial flow”, we lay more em-
phasis on the structure and thresh-
ing function of the axial flow drum
to optimize the grain harvest. Thus,
we only pay attention to the feed-
ing capability of the tangential flow
drum whilst ignoring the threshing
capacity of the same. This approach
is adopted because the tangential
flow drum does not perform much
of the threshing action when corn
ears are fed at once. Throughout
the test, tangential flow drum is
not only performing the feeding
function, but it is also producing a
significantly large threshing amount
of more than 40%. Therefore, while
optimizing the structure design of
the threshing system based on “tan-
gential flow + transverse axial flow”
, manufacturers must pay equal at-
tention to both components: tangen-
tial flow drum and axial flow drum.
Only by modifying their approach

Fig. 5 The relationship between the
threshing amount of segments and the
grain moisture content
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can they be able to effectively re-
duce the grain damage rate, improv-
ing the operational performance of
harvest. Bearing in mind the thresh-
ing capacity of the tangential drum,
we can try to develop the “double
tangential flow + transverse axial
flow” threshing system for corn
grain harvester; however, further re-
search studies must be conducted to
fully explore the potential of models
based on transverse axial flow.

The influence of moisture content
on grain damage: Suitable moisture
content is a prerequisite for per-
forming mechanized harvest of corn
grain®. In case of grains with high
moisture content, the grain strength
or the hardness of grains is too low;
therefore, such grains gets easily
damaged during the threshing pro-
cess. In case of grains with very low
moisture content, the hardness of
grains would be significantly greater
but these grains have poor tough-
ness; therefore, these are the brittle
grains susceptible to fracture when
subjected to high impact stress dur-
ing threshing process.

Fig. 6a show the relationship
between grain damage rate and the
moisture content of grains in the
tangential flow drum. It can be seen
that the grain damage rate increases
rapidly with the increasing moisture
content. While performing thresh-
ing test in the axial flow drum, it
was found that the peripheral veloc-
ity of the axial flow drum was in the
range 15.84-18.72 m-s*; moreover,
the moisture content of grains was
in the range 22-26%, with the grain

damage rate being less than 5%. All
these observations conform with the
standard requirements of mecha-
nized grain harvest”. When the
moisture content was in the range
24-26%, the threshing damage grain
rate was the lowest; therefore, it is
obviously a turning point. Further-
more, when the drum speed was
fixed at 17.28 m-s?, the grain dam-
age rate was 1.5%. When the mois-
ture content was 26-28%, the grain
damage rate was about 5%, which is
basically close to the national stan-
dard. In addition, when the moisture
content is greater than 28%, the
grain damage rate increases with an
increase in moisture content; these
values deviate from the national
standard at this stage, and the adapt-
ability of grain harvesting machine
is reduced. When the speed range
of the drum is between 20.16-21.60
m-s?, the grain damage rate is more
than 6% in the total range of mois-
ture content of the threshing test.
While performing the threshing
test, it was realized that the relation-
ship between the grain damage rate
and the moisture content is almost
same for both the tangential flow
drum and the axial flow drum. As
shown in Fig. 6b, when the mois-
ture content of grains is in the range
24-26% and the drum peripheral
velocity is 18.03 m-s?, the grain
damage rate is the lowest at 1.9%.
In the moisture content range 24-
26%, the grain damage rate for the
whole experimental system is 1.7%;
it is the average damage rate of the
values witnessed for the axial and

Fig. 6 Relationship between the grain damage rate and the moisture content

a. Axial flow drum

b. Tangential flow drum

tangential flow drums.

Based on the comprehensive test
results, an appropriate amount of
moisture content is a prerequisite
for the accomplishing of corn grain
harvest; it accelerates the dehydra-
tion rate of corn grain maturity.
Therefore, it is important to control
the grain moisture content while
making concerted efforts to improv-
ing the efficiency of mechanized
grain harvest, especially in the case
of corn. By extending the harvest
period to a later stage, the drying
time can adequately be extended,
Thus, it is also an effective way to
reduce the grain damage rate in the
current harvest.

Peripheral velocity of thresh-
ing drum: The peripheral velocity
of threshing drum is the primary
technical condition affecting the
grain damage rate in the threshing
processt °l. When the threshing
process in the axial drum is carried
out at different linear speeds, it was
observed that the minimum value of
grain damage rate was 17.28 m-s*
at each interval of moisture content.
Among these, the minimum value
of the grain damage rate occurred
when the moisture content interval
is 24-26%. When the peripheral
velocity of the drum was reduced
to 15.84 m-s?, both the damage rate
and the grain broken rate increases.
This is because when the drum ve-
locity decreases, the drum’s thresh-
ing efficiency also reduces conse-
quently. As the time of dwelling of
the mixed material increases in the
threshing room, the rubbing effect
coupled with squeeze is enhanced
for the material; however, the long
period of squeeze can increase the
grain damage rate. Therefore, it is
essential to control the material’s
threshing time so as to effectively
improve the threshing quality and
reduce the grain damage rate. As
shown in Fig. 7, the influence of
the peripheral velocity of tangential
flow drum on the grain damage rate
is similar to that witnessed with re-
spect to the axial flow drum.
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Conclusions

According to the results of statis-
tics analysis of biometric trait indi-
ces of maize ears of variety ‘QY8’,
the beginning clearance of the “tan-
gential flow-transverse axial flow”
was adjusted from the based thresh-
ing test system to 36 mm, whereas
the end clearance was adjusted to
12 mm. The feed amount was set to
2.6 kg-st according to the economic
efficiency of the harvester. The corn
ear threshing test was carried out
on a sample containing grains with
a moisture content of 22-32% at dif-
ferent values of the drum peripheral
velocity. The conclusions obtained
were as follows:

(1) The threshing capacity of tan-
gential drum decreases with in-
creasing moisture content. When
the moisture content was below
28%, the threshing capacity of the
tangential flow drum was almost
equal to the B section of axial flow
drum. The threshing capacity of
the tangential flow drum decreased
significantly when the moisture
content was more than 28%.

(2) The threshing system is based on
“tangential flow + transverse axial
flow” principle, so it has a strong
ability to adapt with the moisture
content ranging between 24-26%
of corn ears. When the average
moisture content was 25%, the
threshing amount of the tangential
flow drum was only 0.4% smaller
than the axial flow drum, and the
threshing capacity of tangential
and axial flow drums was deemed
to be sufficient.

(3) When the moisture content was
in the range 24-26%, the periph-
eral velocity of axial drum have
inflection points about the grain
damage rate, with minimum
values occurring at 15.84 m-s?,
17.28 m-s?, and 18.72 m-s*. When
the threshing speed of axial flow
drum was 17.28 m-s?, the mini-
mum value of grain damage rate
was the smallest in the threshing
system, with the average value be-

ing 1.7%.

With respect to the prevalent
conditions of maize breeding and
grain harvesting in Huang-Huai-Hai
Plane, the grain damage rate can
effectively be reduce and the thresh-
ing quality can be improved by
delaying the harvest period slightly,
thereby causing a timely extension
of drying time and suitable working
parameters for the threshing system.
Given the threshing capacity of the
tangential flow drum, it is further
recommend that an innovative grain
harvester must be designed such
that the threshing system works on a
“double tangential flow + transverse
axial flow.” To fully exploit the
potential of the innovative model,
further research studies must be
conducted.
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Abstract

An eco-friendly CIAE-Millet Mill
integrated with pneumatic suction
arrangement was designed and de-
veloped. It simultaneously dehulls
minor millets and separates the husk
from the dehulled mass. It is a power
operated (1 HP, single phase mo-
tor) with a main shaft speed of 960
rpm (for dehulling) and blower shaft
speed of 1920 rpm (for pneumatic
suction). Its capacity is 100 kg/h for
all minor millets at 10-12% mc (whb).
The overall dimensions of the ma-
chine are 860 mm x 842 mm x 1460
mm. The performance of CIAE-
Millet mill was evaluated by using
various types of minor millets. The
result showed that the co efficient of
dehulling is in the range of 70-85 %.

Keywords: CIAE-Millet Mill,
minor millet, dehulling, pneumatic
suction arrangement, dehulling ef-
ficiency.

Introduction

Millets are small-seeded spices
crops; grow around the world for

food and fodder. The term millet
includes a number of small grained
cereal grasses. Its agricultural im-
portance arises from their hardiness,
tolerance to extreme weather and
could be grown with low inputs in
low rainfall areas. Finger millet/
Ragi (Eleusine coracana), Foxtail
millet/ Navane (Setaria italica), Little
millet/ Saamai (Panicum miliare),
Kodo millet/ Haraka (Paspalum
scrobiculatum), Proso millet/ Pa-
nivaragu (Panicum miliaceum),
Barnyard millet/ Banti (Echinochloa
frumentacea) are the important mil-
lets cultivated largely in the Asian
and African countries. Fonio (Digi-
taria exilis) and Tef (Eragrostic tef)
are specific to Nigeria and Ethiopia,
respectively (Jaybhaye et al., 2014).
Millets are nutritious food and they
are rich in phytochemicals, fibre
and minerals. There is an immense
potential to process millet grains
into value-added foods and bever-
ages (Devi et al., 2011). Dehulling
or decortication is the process of
removing outer pericarp and hull
(testa, seed coat) of cereal, legumes,
and oilseeds. It plays most important
role in utilizing the food grains in

our daily diet. Although, dehulling
although depends upon the methods
and machinery used for the process;
several factors such as environment
agronomic aspects genotypes and
pretreatment influence the dehulling
process. Many reports has witnessed
the drudgery involved in traditional
dehulling method and emphasized as
one of the major problems militating
against the realization of the full po-
tential of millets. The traditional way
of dehulling millets in rural areas are
by pounding the slightly moisturized
millet grains in pestle and motor.
Husk is not edible; therefore must be
removed from the minor millets. Dif-
ferent types of dehulling equipment
for cereals and legumes are available
employing either abrasive, attrition,
or roller-milling principles. The abra-
sive type machines employing car-
borundum stones or other abrasive
devices have been tried mainly for
millet dehulling by most researchers
rather than other two types of mills.
Therefore, there is a need for proper
dehulling technique and machinery.
Thus, the objective of this work is to
design and develop an eco-friendly
millet mill with improved efficiency
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involving less power with integrated
actions of gentle attrition/abrasion
and pneumatic suction arrangement.

Material and Methods

CIAE-Millet Mill of 100 kg/h ca-
pacity was designed and developed
at ICAR-Central Institute of Agri-
culture Engineering, Bhopal, India.
All the construction materials are
locally sourced and the concepts and
ideas are transformed to into useful
machinery (Bernard et al., 1999).
The principle and procedure in de-
sign and construction of millet mill
machine are explained as below.

(i) Dehulling Operation

The dehulling operation of husk
from kernel was performed with a
gentle pressure (abrasion/attrition)
exerted for the millet grain to dehull
in a single pass and to increase the
efficiency. The dehulling action and
energy requirement were worked
out using selected abrasive stone/
grinding wheel by our laboratory
set-up study. The concepts and
ideas were imparted in design of
each component and using CREO
ELEMENTS / PRO, the model and
detailed CAD were prepared.

(if) Pneumatic Suction Arrange-
ment

Pneumatic suction arrangement
is effective for separation of lighter
materials like husk and products in

Fig. 1 Hopper

powdery form from small seeded
minor millets (Balasubramanian,
2007). Due to lighter weight of millet
husk, pneumatic system consisting of
a fan with increased speed of air to
suck the husk from the hulled mass
was operated by taking power from
main rotor shaft. The blower was po-
sitioned in the suitable place to suck
the husk from the grain outlet chute.
The suction air velocity was kept
higher than the terminal velocity of
the husk and powdery materials. The
high speed air makes the product to
flow in the air stream to grain outlet.
The design of the pneumatic suction
arrangement was based on the aero-
dynamic properties of the material
velocity, determined by sucking the
husk with suitable blower design and
distance moved per unit time was
determined. It becomes important to
have efficient millet mill machine to
ensure not only the processed millet
availability but also in right quantity.

(iii) Design and Construction

A set number of design consider-
ation points viz., cost of construc-
tion, power requirement of machine
and operational labour requirement
were carried out during the design of
millet mill. Also, ease of design com-
ponent parts and its replacement in
case of damage or failure sufficiently
rugged to function properly for a
reasonably long period and cheap
enough to be economically feasible
were taken into consideration.

I. Theoretical Design and Mate-
rial Selection

The materials for construction of
millet mill are shaft, abrasive grind-
ing wheel, pulley, belt, electric motor,
bearing, and mild steel plates. These
materials were selected based on the
power requirement in dehulling of
millets. Using the engineering prop-
erties data for all minor millets has
various moisture content reported by
Balasubramanian and Viswanathan
(2010) and the laboratory data on
power requirement for the dehulling
was taken to design considerations.

(A) Electric Motor

An electric motor of the following
specification was selected:

Power (P): 0.75 kW (1 hp)

Rotational speed (N): 1440 rpm

Phase: Single

Frequency: 50 Hz
(B) Hopper Design

Based on the angle of repose of
different millets (Balasubramanian
and Viswanathan, 2010) and on
gravity discharge principle, volume
of the hopper was estimated (Eq.1)

V, = [n(D?%, — d¥)h] / 12 @)

Where, h =1 coso (see Fig. 1).
(C) Abrasive/Grinding Wheel

The abrasive grinding wheels of
dimension 300 mm x 40 mm x 38.1
mm was selected with A 24 super-
life V272 features.
(D) Selection of Transmission Drives

The power transmission drives
used for the machine are belt and
pulley (Table 1 and 2).
(i) Pulley or sheave

The rotor’s pulley diameter was
selected (Eq. 2) for required speed
ratio as

D, = (Dy Ny /' N; @

The speed of rotor (shaft) was
chosen as 960 rpm for grinding
wheel (dehulling operation) and was
doubled as 1920 rpm (husk separa-
tion) to generate enough air velocity
greater than the critical velocity of
husk to be conveyed and discharged
in cyclone separator.
(i) Belt

Based on the power transmitted
(0.75 kW) and according to Indian
Standards (IS: 2494-1974), belt type
B was selected (Table 1).
(iii) Calculation of Belt Length

The belt length was calculated
(Eq. 3) according to Khurmi and
Gupta (2004).

L=n/2 (D, —D,) + 2X + (D, + D,)?

1 4x 3
These parameters are represented
in Fig. 2.
(iv) Arc of Contact

The arc of contact, B, is given by
(Eq. 4) as suggested by Anon (1994)

B=180°—-60°[(D,—D,)/x] &)
(v) Shaft
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The shaft of millet mill rotates
the bottom grinding wheel (960
rpm) and through another belt ar-
rangement, a van blades of blower
(1920 rpm) extended to a cyclone
separator was designed. For a shaft
subjected to twisting moment only,
diameter of shaft can be obtained by
using torsion equation (Eg. 5)

T=@m/16)td® . ®)
T=(T,—-T)R ©)
Where,

Tl = Tm - Tc (7)
T,=oca 8)

(vi) Determination of belts cross-
sectional area
The cross-sectional area of belt
was calculated (Fig. 3) from Table
3, top width (b = 17 mm), thick-
ness (t = 11 mm) and by calculation,
bottom width (x) was obtained as 8
mm. Thus,
(Area of triangle 1) + (Area of tri-
angle 2) + (Area of triange 3) (9)
a=t/2[(b—x)/2)+xt+t/2[(b—
x) /2] (20)
a=[(b—x)/2]t+xt (11
Also, centrifugal tension, T, was
determined (Eq. 12)
T,=mV? (12)
m=pa (13)
From Table 4, density was found
to be 1140 kg/mé.
V, = (mDN) / 60 (14)
For a V-belt drive, tension ratio is
given (Eq. 15) as
(T,—TY)/(T,—T) =e"0 coseca /2
(15)
From Table 3, coefficient of fric-
tion between belt (rubber) and pul-
ley (dry cast iron) was taken as 0.30.
By considering the small pulley, 6
was calculated (Eg. 16) as
0 =[180 — 2 sin’((D, — D,) / 2X)]

Table 2 Density of belt materials

Fig. 2 Open belt drive

n/180 rad (16)

(vii) Power Transmission by Belt

The power transmitted by belt
was calculated (Eq. 17) as

P,=(T,— TV 17)
(E) Bearing

Based on type of load, the bearing
support (static & dynamic) and shaft
diameter, the ball rolling contact
bearing of standard designation 307
was selected. It is a medium series
bearing with bore (inside diameter)
of 35 mm (Khurmi and Gupta,
2004)
(F) Power Requirement

The power requirement millet
mill was obtained as (Eq. 22)

P = Qg Hf (18)

I1. Performance Evaluation of

Millets

A. Preparation of Raw Material
The contaminants for millets may

be sand (soil), small stones, leaves,

shrivelled seeds, off-type seeds,

Table 1 Dimensions of standard V-belts

Fig. 3 Cross-section of V-belt

broken seeds, glumes, sticks, chaff,
parts of stem, insects, animal hair,
animal excreta (e.g. rat and insect
faeces) and more annoyingly, metal
pieces. Metal pieces, if not removed,
may damage the sieves of milling
machines if mechanized grinding is
used.
(i) Raw Millets

The Cleaning is done by destoner-
cleaner-grader for the raw millets.
(ii) Parboiled Millets

For parboiled millets, boiler was
filled with water to a level just
above its bottom, and on top of
the water, a wire net was placed to
raise the samples above the water.
The samples were then placed on
the muslin cloth and the boiler was
closed for steam-heating, and the
boiler was connected to the power
source. The steaming was done for
15 min, samples were taken out and
allowed to temper for 24 h (Fig. 5).

Types of | Power ranges Mclj?;mgtr:rpg]gh Top width Thickness
belt (kw) pulley (D, mm) (b, mm) (t, mm)
A 0.7-3.7 75 13 8
B 2-15 125 17 11
C 75-75 200 22 14
D 20 - 150 355 32 19
E 30 - 350 500 38 23

Table 3 Coefficient of friction between belt and pulley

Mass density Pulley material
Material of belt (kg/m?) Belt material Dry Wet | Greasy| Wood (égrrrl)pargs:; Ligg;er R?;z:beer

Leather 1,000 Leather oak tanned 0.25 0.2 0.15 0.3 0.33 0.38 0.40
Double woven belt 1,250 Leather chrome tanned | 0.35 0.32 0.22 0.4 0.45 0.48 0.50
Rubber 1,140 Convass-stitched 0.20 0.15 0.12 0.23 0.25 0.27 0.30
Canvass 1,220 Cotton woven 0.22 0.15 0.12 0.25 0.28 0.27 0.30
Balata 1,110 Rubber 0.30 0.18 - 0.32 0.35 0.40 0.42
Single woven belt 1,170 Balata 0.32 0.20 - 0.35 0.38 0.40 0.42

44 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA 2020 VOL.51 NO.1



Fig. 4 Plan and elevation of CIAE-Millet Mill

C. Determination of moisture con-
tent
The key to post-production of op-
erations, grain moisture content is
determined on wet basis as (Balasu-
bramanian and Viswanathan, 2010).
m = (w; —wy) / W; x 100 (19)

D. Testing of machine

The test carried out on millet mill
to prove the conformity with re-
quirement of relevant standard. The
tests are checking of specifications,
checking of materials and visual ob-
servation and provision for adjust-
ment (NCAM, 1990).

E. Test at Load

Test under load was conducted
to get the following data: dehulling
index, degree of dehulling, effective-
ness of dehulling, yield of the broken,
yield of fine, quality of dehulling, co-
efficient of dehulling, overall dehull-
ing efficiency and cleaning efficiency.
The sample is analyzed for cracked
and broken grains, undehulled
grains, and clean grains. Analysis
for cracked grains and broken grains
is only made from the sample were
taken at the specified grain outlet.
(i) Dehulling Index ()

The dehulling index was calcu-
lated using the following equation:

Fig. 5 Flowchart for experimental dehulling study
Millet grains

Cleaning / De-stoning

Raw

Parboilin
(Steaming, 100°C for 15 min)

Temperi‘ng (24 h)

i
CIAE- Millet mill
(Dehulling, Pneumatic suction)

Kernel and broken

Manual separation

Broken

¥
Kernel Undehulled

millet grains

Husk and fine mix

Wire mesh sieve (0.5 mm)

Husk Fines

n = [(my + my) = (Mg + My)] / m;
(20)

The dehulling index may vary from
a maximum value of +1 to a mini-
mum of —1. A value of +1 indicates
that the entire original grain sample
is completely dehulled into two frac-
tions of grain (m,) and husk (m,) with
no fines and undehulled grains. A
value of —1 indicates that the dehull-
ing is not complete, thus the broken
grains (m;) and /or not dehulled (m,,)
atall (Ikebudu et al., 2000).

(ii) Degree of dehulling (M,)

The degree of hull removal is the
ratio of mass of hull removed during
dehulling to the initial mass of sam-
ple used for the dehulling process.

M,=m,/m;, (21
(iii) Effectiveness of dehulling (E,)

Effectiveness of dehulling is the
ratio between the mass of the mate-
rial remaining undehulled and the
initial mass of material taken for
dehulling.

Eq=my/m
(iv) Yield of broken (Y,)

It is the ratio between the mass of
broken generated during dehulling
and the initial mass of sample used
for dehulling.

Y,=m,/ m;

(v) Yield of fine (Y))

It is the ratio between the mass of
fine generated during dehulling and
the initial mass of sample used for
dehulling.

Yi=mg/ m;

(vi) Quality of dehulling (Qg)

It can be calculated as ratio be-
tween the weight of dehulled kernel
(both broken and whole) and initial
weight of material taken for dehull-
ing.

Qy=m,/m, (25)
(vii) Coefficient of dehulling (Cyg,)

This can be calculated using the
following equation:

Cdh=100[1 — (Y, + E4+ Y))]

(26)
(viii) Overall Dehulling Efficiency (

o)

This is calculated using the fol-
lowing relationship:

N, = (M + Qg X Cy,

(22)

(23)

(24)

@7)
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(ix) Cleaning Efficiency (C,)

This can be calculated using the
following equation:

C.=m,/m, (28)

Result and Discussion

The design parameters viz., as-
sumed parameters and designed
parameters of CIAE millet mill are
shown in Table 4. The motor was
selected on the basis of dehulling
capacity and its power requirement.
The shaft of millet mill rotates the
bottom grinding wheel and through
another belt arrangement, a van
blades of blower extended to a cy-
clone separator was designed. The
length and diameter of the shaft is
536 mm and 34 mm, respectively.
The speed of rotor (shaft) was chosen
as 960 rpm for grinding wheel and
was doubled as 1920 rpm to gener-
ate enough air velocity greater than
the critical velocity of husk to be
conveyed and discharged at cyclone
separator. The diameter of main
shaft pulley is 150 mm and blower
shaft pulley is 84.5 mm. The hopper
was designed based on the dehulling
capacity and bulk density of different
millets. The volume of hopper is 3.7
x 105 mm?® (Table 4). The ball roll-
ing contact bearing of standard des-
ignation 307 was selected. Thus, the

Table 4 Design specification/parameter

designed millet mill requires floor
area of 860 x 842 mm and having
112 kg weight (excluding motor).

The machine was designed as a
vertical frame work assembly, a ver-
tical rotary shaft extending in the
vertical axis in the framework as-
sembly and abrasive grinding wheel
mounted on the shaft for rotation
there with, a face to face mounted
upper abrasive grinding wheel with
fine turner to adjust the clearance
between the pair of grinding wheel,
to define in a dehulling chamber
there between a hopper at the top of
the framework assembly and a di-
viding part at the bottom of the de-
hulling chamber. The upper grind-
ing wheel with spring suspension
mechanism provide and the bottom
rotary grinding wheel is fixed with
the shaft the clearance in between
the grinding wheel adjust with the
help of spring by the upper grinding
wheel, and it possible to dehull all
minor millets with theoretical uni-
form. The dehulled grain and husk
is pass through the discharge pipe
and hence passes to outlet chute,
where the suction output high. The
husk from the kernel, then discharge
cleaned kernel out from the grain
outlet and the husk is transfer to-
ward the cyclone by the pneumatic
suction as shown in Fig. 4.

The machine was found to be dust

free. The grinding wheel and other
parts do not wear and runs smoothly.
This machine can dehull the millets
with and without bran layers, thus
judicious dehulling operations be
achieved by setting the clearance of
grinding wheel to suit different mil-
lets by coarse and fine adjustments.
The rotor shaft was checked for tor-
sion and bending and found safe.
The driving mechanism of rotor was
designed in such a way that the v-
belt was safe and was able to trans-
mit required speed to the rotor from
the motor. A pair of abrasive stone
(grinding wheel) were provided, thus
permitting a much broader range
of application for millet grain size
accommodation for dehulling and
size reduction operations. The mil-
let grain is fed between the grind-
ing wheels and dehulling operation
taken place in the horizontal plane.
Thus, the exact clearance setting re-
duces the excessive heat generation
during gentle abrasion/attrition re-
quiring low power. Also, less time is
required for the dehulling and due to
the air-tight nature, dust spillage is
minimized. An average dehulling ef-
ficiency of designed millet mill was
obtained 80% with different minor
millet. The design parameters of the
millet mill are summarized in Table
4. The overall specifications of the
millet mill are shown in Table 5.

Component Assumed parameters Designed parameters

Electric motor From shaft, pulley and capacity design 1,440 rpm, 1.0 Hp
Pulley

Pulley (large) OD =150 mm, ID =110 mm OD =150 mm, ID= 110 mm

Pulley (small) OD =84.5mm, ID =445 mm OD =84.5mm, ID =44.5 mm
Hopper h =487.71 mm, D, = 412mm V =3715x 10 5 mm?
Speed ratio

Main shaft N =1,440 rpm, D =34 mm N, =960 rpm, D= 34 mm.

Blower shaft
Diameter of shaft
Centre distance between pulley
Belt
Processing chamber
Grinding wheel (upper)
Grinding wheel (lower)
Arc of contact
Power requirement

Double the rotation of the main shaft, 30 mm diameter

T=323 Nm
D =150, d = 84.5

D =150, d = 84.5, x = 320.
Dia. =407 mm, h = 366 mm

D =300 mm

D =300 mm
D =150, d = 84.5, x = 320

240V, 1=25

1,920 rpm, d =30 mm
T=323N,,D=34mm
x =320 mm
L=1,110 mm
V =6.23 x 106 mm?
V =2.668 x 106 mm?
V =2.838 x 106 mm?
B=167.7°
460 watt
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Table 5 Specification of CIAE-Millet Mill

Name of the machine

CIAE-MILLET MILL

Mode of operation
Overall dimension (mm)
Feed hopper
Top (mm)
Base (mm)
Height (mm)
Emptying angle (°)
Grinding wheel
Upper wheel diameter (mm)
Lower wheel diameter (mm)
Power unit (Electric motor)
Power rating, (HP)
Working speed (rpm)
Suction/blower speed (rpm)
Capacity (kg/h)
Weight (kg)
Floor area (mm)
Purpose
Working principle
Coefficient of dehulling (%)
Feed moisture (% whb)

Continuous type
860 x 842 x 1,460

421
75
420.71
34.88

300 x 40 x 38.1
300 x 40 x 38.1

1 hp, single phase motor
960
1,920
100-110
112 (excluding motor)
860 x 842

Dehulling of minor millets (with or without bran)
Gentle abrasion & (aerodynamic) cyclone separator

70-85
10-12

Regarding the performance evalu-
ation of designed mill at no load con-
dition there was no marked oscilla-
tion during operation and presence of
rattling sound is due to the contact of
grain to the surface of the grinding
wheel. During the test at load carried
out to the different type of millets
(100 kg) at different conditions (raw
and parboiling) at constant rotation
speed of grinding wheel. Different
dehulling efficiencies were obtained
from each type of millets at differ-

ent condition and the averages of the
efficiencies obtained are presented
in Table 6. The moisture content of
raw and parboiled millets ranged be-
tween 9.25-11.06% and 10.79-13.28%
respectively. The overall dehulling
efficiency of raw millet ranged from
83.95-69.76% and parboiled millets
85.15-72.07% and cleaning efficien-
cies higher in parboiled millets
(84.83-62.75%) compared to raw mil-
lets (81.01-60.21%). Among the raw
millet foxtail millet recorded highest

Table 6 Performance of dehuller on raw and parboiled millets

coefficient of dehulling followed by
little millet, proso millet, kodo mil-
let and banyard millet, respectively.
Similarly, the coefficient of dehull-
ing was the highest in foxtail millet
followd by proso millet, kodo mil-
let and barnyard millets. Despande
and Khan (2007) reported that pre
milling treatments (soy oil water
and microbial consortium) play an
important role in improving the
dhal recovery by loosening the husk
from the cotyledons. Nwaigwe et al.
(2012) designed the cassava milling
machine at a power of 3.7 kW, rotor
speed of 1080 rpm, tested and found
to have a milling efficiency of 82.3%.
Opokul et al. (2003) stated that de-
hulling characteristics of pigeon pea
and mung bean in abrasion type of
dehulling increased the yield of de-
hulled cotyledons.

Conclusion

The CIAE-millet mill has been
designed, fabricated, tested with a
coefficient of dehulling as 70-85%.
It operates with a 1 hp single phase
electric motor. The integral suction
arrangement provides the simulta-
neous separation of husk and dust
particles from the dehulled mass
from the grinding zone. The cyclone
component provides a dust free i.e.
eco-friendly environment during

_ c'\gr?tlzmraet Dehulling | Degree of Er;ﬁee;;l(‘)’]?' Yield of | Yield of |Quality of dgf:lljell]?:]lg Cleaning Coe?f‘"em
Millet dehulling index | dehulling dehulling broken fine dehulling efficiency efficiency dehulling
m) (My) (Ys) (Yo Qd) (Ce. %)
(%, w.b.) (Eo (o) (Can)

Raw

Foxtail millet 9.30 0.840 21.800 0.001 0.146 0.003 76.867 83.95 81.01 85.083

Little millet 11.06 0.799 30.733 0.001 0.147 0.032 63.967 77.67 77.02 82.013

Kodo millet 9.25 0.753 31.333 0.007 0.227 0.003 66.667 75.42 66.00 76.960

Proso millet 10.83 0.785 23.967 0.005 0.213 0.008 76.333 77.70 72.14 77.470

Barnyard millet| 9.85 0.711 30.733 0.004 0.269 0.018 67.600 69.76 60.21 70.943
Parboiled

Foxtail millet 12.18 0.851 22.800 0.003 0.129 0.003 75.233 85.15 82.90 86.857

Little millet 13.28 0.794 27.567 0.001 0.173 0.013 69.200 78.68 75.05 81.313

Kodo millet 10.79 0.793 31.900 0.002 0.189 0.003 66.533 79.30 71.54 80.563

Proso millet 12.02 0.847 21.800 0.013 0.115 0.004 75.600 84.58 84.83 86.837

Barnyard millet| 11.11 0.728 31.433 0.003 0.247 0.013 66.400 72.07 62.75 73.667
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dehulling the small seeded minor
millets. This machine has a provi-
sion for dehulling the millet with
bran layer also. Thus, the millet mill
when operated within the designed
parameters will process 100 kg raw
materials in an hour with judicious
dehulling operations. The rate of
dehulling of the machine was ef-
ficient compared to the traditional
methods. This machine is able to
dehull all types of minor millets ir-
respective of their sizes and shapes.
However, the effectiveness of the
machine is said to be dependent on
the uniformity, size and moisture
content of the millet grains.

Nomenclature

a: Area of belt

d: Diameter of shaft (mm)

D: Diameter of processing cham-
ber

d,: Diameter of disk

D,: Larger sheave diameter

D,: Smaller sheave diameter

D,: Diameter of the upper open-
ing of hopper

D..: Measure diameter of motor’s
pulley

D,: Rotor’s pulley diameter

h: Vertical height of hopper

H: Height of lift

I: Slant height of hopper

L: Length of belt (in)

m: Mass of belt per unit length

N,.: Rotational speed of electric
motor (1,440 rpm)

N,: Rotational speed of rotor (rpm)

R: Radius of pulley (mm)

T: Twisting moment (Nm)

t: Thickness of hammer

T,: Tight side tension (N)

T, : Slack side tension (N)

T, Centrifugal tension (applicable
for belt running at high speed)

T..: Maximum tension in belt (N)

V: Velocity of air (m/s)

V,: linear speed of belt

Vh: Volume of hopper (mm?g)

X : Centre distance of pulleys
(mm)

x: bottom width of the belt

a: Groove angle (34°)

0: Angle of wrap (radian)

p: Coefficient of friction between
belt and pulley

p: Density of belt material (rub-
ber, kg/mq)

¢: Angle of repose

fB: Arc of contact

T: Torsional shear stress (42 MPa)

o: Maximum allowable stress of
belt (2.8 MPa)

Q,: Gravimetric throughput ca-
pacity

f: Power factor

m,: Mass of hull (kg)

m,: Mass of undehulled kernel
(kg)

m,: Mass of broken (kg)

m;: Initial weight of sample taken
for dehulling (kg)

m,,: Mass of whole grain (kg)

m;: mass of fine (kg)

M,: Degree of dehulling

E,: Effectiveness of dehulling

Y,: Yield of broken

Y;: Yield of fine
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Abstract

A front mounted hydraulically
operated cultivator was designed
and developed considering the draft
ability of the power tiller and nega-
tive draft developed by the rotary
tiller. A proper linkage system was
designed to mount the cultivator to
the front of the power tiller. Field
performance of the power tiller was
measured with both front mounted
cultivator and rotary tiller and with
only rotary tiller. Results indicate a
significant decrease 50% and 13%
in clod size and fuel consumption
respectively with improvement in
tillage performance index by 50%,
when the power tiller was operated
with front mounted cultivator and
rotary tiller in combination as com-
pared to when it was operated with
rotary tiller alone.

Introduction

For dry land cultivation, power
tiller is not very commonly used for
primary tillage operation due to its
low draftability which increases the
completion time for field prepara-
tion. Use of rotary tiller is advantag-
es over the conventional implements
as the working blades in contact
with soil are active hence it achieves
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both cutting and pulverising ac-
tions in a single pass of machine
in the field. There is a reduction
in traction demand of power tiller
driving wheels due to ability of the
soil working blades to provide some
thrust (Sirisak et al., 2008). But use
of rotary tiller for primary tillage is
limited due to high power require-
ment and excessive soil pulveriza-
tion (Kepner et al., 1978).

Adamu et al. (2014) evaluated the
performance of a power tiller in the
Savanna agro-ecological zone of Ni-
geria. The field work and laboratory
experiment showed that the field
efficiency, effective field capacity
and fuel consumption obtained were
47% and 48%; 0.04 ha/h and 0.06
ha/h; 1.3 I/h and 1.6 I/h for plough-
ing and rotovating, respectively. The
ploughing and rotovating were done
at a depth of 9 cm and 5.5 cm when
soil moisture contents were 6.3%
and 8%, respectively. Tiwari et al.
(1997) evaluated a 7.5 kW rotary
type power tiller fitted with seated
attachment for rota-puddling and
roto-tilling operations. For dry roto-
tilling the effective field capacities
of the power tiller with and without
seat attachment were 0.097 ha/h and
0.099 ha/h, respectively. Similarly,
field operations were carried out
for ploughing (with disc and mould
board), cultivation, cultivation cum

planting and harvesting using a 9
kW two-wheel tractor. Field efficien-
cies reported were: 53.98% for disc
ploughing, 88.30% for mould board
ploughing, 66.63% for cultivation,
81.26% for cultivation cum planting
and 72.88% for harvesting with a
reaper (Ademiluyi et al., 2007).

Generally, primary tillage opera-
tion with power tiller is cumbersome
and tedious and it requires number
of passes for making the field ready
for sowing. So, with the use of front
mounted cultivator in power tiller
which can act as combination tillage
implement with rotary tiller when
operated together may result in re-
ducing soil clods with less number
of passes. This arrangement may
also utilize the negative draft power
of the rotary tiller to meet the full
or part of the power requirement of
cultivator.

Keeping the above facts in mind,
a study was carried out to develop a
front mounted cultivator for power
tiller and to provide a suitable
mechanism for its lifting and lower-
ing. Performance of the developed
front mounted cultivator when op-
erated along with rotary tiller was
evaluated in the field and compared
with the performance of the rotary
tiller alone and the results obtained
are discussed in this paper.
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Materials and Methods

Design of Prototype Front Mount-
ed Cultivator System

The cultivator was designed based
on the draft ability of the power
tiller and also by taking negative
draft developed by the rotary tiller
into consideration. A proper link-
age system was designed to mount
the cultivator to the front chassis of
the power tiller. To ensure proper
manoeuvrability of the power tiller
when fitted with front mounted cul-
tivator and to operate the cultivator
at proper depth in the field, a hy-
draulic system powered by the pow-
er tiller engine was designed and
developed. The schematic view of
the power tiller with front mounted
cultivator is shown in Fig. 1 along
with the forces acting on it.

At balanced condition of power
tiller with front mounted cultivator
during tillage work, balancing all
the vertical forces, we get

Ri+R; + Ry =W, + W, ()

Balancing all the horizontal forc-
es, we get

D+F +F,=P+T )

Where, W, = weight of power
tiller, W; = weight of implement
system (cultivator, cylinder and lift-
ing arms), R, and R, = reaction of
net dynamic load on gauge wheel
and power tiller wheel, respectively,
F, and F, = rolling resistance of
power tiller wheel and gauge wheel,
respectively, R, = vertical forces
acting on rotary tiller, D = Draught
developed by the power tiller, P =
thrust developed by the rotary tiller,
T = thrust developed by the power
tiller wheels.

Table 1 Design dimensions of the developed cultivator

S:)'. Particulars Details
1 Overall Dimension (L x W x H), mm 600 x 160 x 220
2 Tines (width x thickness), mm 30 x 10
3 No. of Furrow openers 5
4 Furrow opener type Shovel
5 Shovel (width x thickness), mm 40x%x 4
6 Penetration angle 40°
7 Cross-section of Frame Hollow rectangular
8 Height of frame cross-section, mm 45
9 Width of frame cross-section, mm 26
10 Weight of cultivator, kg 26.5

Design of Front Mounted Cultivator

A 5 x 12 cm two row cultiva-
tor was designed and developed to
match the cutting width of rotary
tiller (Table 1). The cultivator is
supposed to perform tillage opera-
tion up to a maximum depth of 10
cm in a medium soil. The negative
draft from rotary tiller was also
considered while designing the cul-
tivator. The draft of the cultivator
was predicted using ASAE draft
equation (ASAE D497.4 MAR 99).

Design of Front Linkages for Cul-
tivator

Lifting system for the front cul-
tivator mainly consisted of side
brackets (side arms), lower link,
middle link and a double acting hy-
draulic cylinder. The side brackets
attached to the chassis of power tiller
were used to mount cultivator using
lower links and middle link (Fig.
2). Lower link was designed in such
a way as to decrease the horizontal
distance between two hitch points of

the lower link in order to minimise
the moment arm. Lower link was
also given a vertical bend of 15 cm
to accommodate the cultivator at a
lesser horizontal distance from the
front end of the chassis of power til-
ler and also to decrease the distance
between front axle centre and centre
of resistance of the front implements.
At first, the shape of the brackets was
decided and then their thicknesses
were decided according to the maxi-
mum force acting on it and material
used. The forces acting in different
links are shown in Fig. 2.

Taking moment about lower link
hitch point of the cultivator at point

O, we get
Fsind, xw+ W, xx=D xY + Fc
X X 3

On balancing forces in horizontal
and vertical direction, we get

F, + Fcost, =D @

W, + Fsind, = F, + F, ®)

Where, F, = force acting in the
middle link, F, = vertical force act-
ing in the lower link, F, = force act-

Fig. 2 Schematic diagram of prototype front mounted cultivator

Fig. 1 Free body diagram of power tiller with front mounted

cultivator
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ing in the lower link in horizontal
direction along the direction of mo-
tion, F, = force acing on the hydrau-
lic cylinder, W; = weight of the front
mounted implement, x = moment
arm of resultant vertical soil and
gravitational force on the implement
about the lower link hitch point, Y =
height of cross-shaft from centre of
resistance, w = width of cultivator,
0, = angle of middle link with the
horizontal.

The design of front linkage sys-
tem was done for both the condi-
tions i.e. working with cultivator at
maximum depth and when the im-
plement was lifted to the maximum
height. Forces acting on the lower
links, middle link and side brackets
were calculated using Eqns. 3, 4 and
5. Lower links and middle link were
designed based on the forces acting
on it. The lower link having width
and thickness as 4 cm and 1.2 cm,
respectively was selected. One side
of the lower link was attached to the
side bracket and other side was con-
nected to the cultivator hitch point.
Side brackets were given to provide
space for the free vertical move-
ment of the front mounted cultiva-
tor. The shape of the side bracket
as shown in Fig. 2 was optimised
in order to reduce weight. The side
arm selected was having thickness
as 1.4 cm. The middle link was pro-
vided at the centre of the cultivator
frame to restrict the free movement
of the cultivator. A common shaft
with diameter 2.2 cm was provided

Fig. 3 Schematic diagram of hydraulic circuit for lifting arms

1. Pump, 2. Engine, 3. Reservoir, 4. Pressure relief valve, 5. 4/3 spring
centered manually operated, DCV 6. Actuator

to connect the two lower links and
middle link to the side bracket of
the front linkage system. All the
links were checked for its design
stress such that it should remain be-
low maximum permissible stress of
links with a factor of safety equal to
three. As the design was found to be
safe so linkages were fabricated.

Hydraulic System and Its Associate
Parts

To operate the front mounted cul-
tivator, a hydraulic system powered
by the engine of the power tiller
was designed. The components of
hydraulic system were hydraulic
cylinder, gear pump, mono block
directional control valve (DCV),
reservoir and hose pipes. The hy-
draulic system design included the
dimensions of actuator size (i.e.
stroke length, bore diameter and rod
diameter), capacity of reservoir and
type and size of hydraulic pump.
The design of hydraulic cylinder
was done for both the conditions
i.e. working with cultivator at maxi-
mum depth and the implement when
lifted to the maximum height. Stoke
length was decided based on the
maximum raised height of cultivator
and the maximum depth of opera-
tion i.e. 10 cm. So, a double acting
cylinder with bore diameter 50 mm,
rod diameter 25 mm, and stroke
length 150 mm was used in this
study. The double acting hydraulic
cylinder was controlled by a four
port, three-position, spring centred,

hand lever operated DCV. The hy-
draulic system was operated at 1500
rpm of flywheel. The hydraulic
circuit for the developed hydraulic
system for lifting and lowering the
front mounted cultivator is shown in
Fig. 3.

Considering the time of lowering
the implement as 5 s and dimen-
sions of hydraulic cylinder, the de-
sign pump capacity was found to be
4.69 I/min. The pump selected was
of gear type with fixed displacement
and with pump size of 6.4 cubic cen-
timetres per revolution. The hydrau-
lic gear pump was powered from
engine using a pulley and belt. As
the pump was of fixed displacement
type, so the revolution per minute
requirement of pump was calculated
from the flow requirement of the
hydraulic cylinder and capacity of
pump. An intermediate pulley of
7 cm diameter was provided at the
driven pulley end of the power til-
ler. The intermediate pulley was
connected to the pulley of diameter
9 cm attached to the gear pump
through a V-belt of length 1030 mm.

An oil tank was used which acted
as a reservoir for oil, as a cooler,
coarse strainer, sedimentation unit
for the impurities and acted as both
air and water separator. The general
thumb rule for the capacity of the
reservoir is three times the pump
flow rate. According to this, the res-
ervoir capacity required was 3 x 9 =
27 I/min. This value multiplied with
the time required to complete the

Fig. 4 Power tiller with front mounted cultivator assembly

1. Front linkage system with cultivator,2. Gear pump, 3. Pressure

pipe, 4. Monoblock DCV, 5. Hydraulic oil tank, 6. Auxiliary Fuel tank
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extend stroke, i.e. 5 s then reservoir
capacity required was 27 x 5/60 =
2.25 |. The tank selected was of size
15 x 15 x 30 cm.

Available Rotary Tiller

The specifications of the power
tiller are given in Table 2. The ro-
tary tiller available with the power
tiller was having 18 nos. of C-typed
blades and the speed available at
the rotary shaft of the power tiller
was 180 20 rpm and 240 £30 rpm
with rotary (low) and rotary (high),
respectively, at the engine speed of
1600 £100 rpm. This was powered
by taking power from the engine in
two steps.

Field Testing of Power Tiller-Op-
erated Prototype Front Mounted
Cultivator

Field testing of prototype front
mounted cultivator was carried out
to evaluate the performance of both
rotary tiller and front cultivator op-
erated simultaneously, and only with
rota tiller for comparison. Soil in the
test field was sandy clay loam soil
with an average moisture content
and cone index in the range of 9+1
per cent dry basis; 700+100 kPa,
respectively. The tillage tool was
set to operate at maximum tillage
depth of 10 cm. The engine speed
was kept at 1600 100 rpm. Tests
were carried out at 2nd (low) and
3rd (low) gears of the power tiller to
evaluate its performance in terms
of field capacity, soil pulverisation,
travel speed, fuel consumption and
tillage depth.

Performance Parameters Consid-
ered for Field Evaluation

The performance of a tillage
implement was expressed in terms
of tillage performance index (TPI),
which is considered to be directly
proportional to volume of soil
handle per time (V,) and inversely
proportional to fuel energy (Fe)
and mean weight diameter of soil
(MWD).

Mathematically it could be ex-

pressed as:

TPl =KV, / (MWD x Fe) )

Here, K is proportionality con-
stant. While comparing different
tillage implements in same soil con-
dition, K could be absorbed in the
equation.

Sieve analysis was carried out to
find mean weight diameter (MWD)
of the clods which represents the
soil pulverization. Sieve of sizes 60,
40, 26, 17, 11.2, 8, 5.6, 4, 2.8 and 2
mm was used for the test. MWD
was calculated using the following
equation;

MWD =3 "awiM; / 2w, ©

Where, MWD = mean weight di-
ameter of soil aggregates, mm; w; =
weight of soil sample retained over
i"" sieve, g; M, = class of mean size
for ith sieve, mm.

The volume of soil handled per
unit time (\Vs) is expressed as:

Vs =FC x d x 100 ®)

Where, Vs = volume of soil handle
in m¥h; FC = actual field capacity
in ha/h; d is the depth of operation
incm.

The fuel energy input to carry
out a tillage operation could be ex-
pressed as:

Fe=FC x CV (©))

Where, Fe = fuel energy input,
MJ/ha; FC = fuel consumption, I/h;

Table 2 The specifications of the power tiller

CV = calorific value of diesel, MJ/I.

Results and Discussion

Power Tiller with Prototype Front
Mounted Cultivator

The power tiller with prototype
front mounted cultivator assembly
is shown in Fig. 4. Its component
includes cultivator, front lifting lin-
age system and hydraulic system.
The cultivator at the front of power
tiller is to be carried to the field. For
this, it has to be raised so that there
is no hindrance to transportation of
power tiller due to mounting of cul-
tivator at the front. With the selected
pump for the hydraulic system i.e.
with a pump flow rate of 6.4 cm?
per revolution, the cultivator could
be raised up to 18 cm from ground
surface. However, in the field the
cultivator could be raised to a height
more than this as it was mounted to
the chassis of the power tiller (with
more depth of the rotary tiller, front
portion of the power tiller chassis
was raised hence the cultivator was
raised to a higher height).

The performance of the developed
hydraulic system was evaluated in
terms of time required to lower and
raise the cultivator. At different rpm

Sg. Particulars Technical details

1 Make VST

2 Model VST 130 DI

3 Overall Dimensions (L x W x H), mm 2360 x 900 x 1210

4 Type Horizontal 4 stroke single cylinder

water cooled diesel engine /OHV

5 Combustion Chamber Direct Injection (DI)

6 Max. HP as per IS 13539 1996 13.0HP@2400 rpm

7 SFC (specific fuel Consumption), g/hp-h 195

8 Stroke, mm 95

9 Bore,mm 95

10 Cooling System

11 Transmission
From engine to main shaft

12 From first shaft to rotary shaft
13 Size of pneumatic wheel, cm (inch
14 Rotavator, number of tines

15 Weight of power tiller (dry weight, kg)

Condenser Type Thermo siphon
cooling system

V belts
Chain and Sprocket
15.2-30.5 (6.00-12.0)
18
436
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of the power tiller engine, time re-
quired to raise or lower the cultiva-
tor were measured using stop watch.
The time required for lowering and
lifting at 1800 rpm were 6.06 s and
2.53 s, respectively as compared to
6.87 s and 4.41 s at an engine speed
of 1000 rpm.

Field Performance of Power Tiller
When Operated with Front Mount-
ed Cultivator and Rotary Tiller
Simultaneously

Field performance of the power
tiller was evaluated with both front
mounted cultivator and rotary tiller
operated simultaneously and with
only rotary tiller. When field tests
with both rotary tiller and cultivator
were carried out, cultivator was giv-
en more tillage depth compared to
the rotary tiller in order to get more
tillage depth with higher pulverisa-
tion and lower fuel consumption.
Similarly, the tillage depth for only
rotary tiller was kept same as that
used for implements when operated
in combination. Performance pa-
rameters such as fuel consumption,
field capacity, wheel slip, soil pul-
verization and travel speed for both
the implements in gears L2 and L3
were measured and are summarized
in Table 3.

The average speed of operation
with rotary tiller and cultivator in
combination was 1.37 kmph which

was lower compared to rotary tiller
only (i.e. 1.44 kmph in L2). The dif-
ference in travel speed of operation
with both the implements in combi-
nation and with rotary tiller alone is
quite marginal in second (low) gear
as compared to third (low) gear.
This could be due to lesser draft re-
quirement of the cultivator at lower
speed (i.e. second (low)) of opera-
tion. However, draft requirement of
cultivator increased at higher speed
(third (low)) of operation and the
power tiller could produce required
draft to pull the cultivator at higher
wheel slip. The effective field ca-
pacity of rotary tiller and cultivator
in combination in L2 gear is 0.072
ha/h which is lower than L3 gear
i.e. 0.099 ha/h due to higher travel
speed of power tiller in L3 gear.

Mean weight diameter (MWD)
of soil aggregates was found from
sieve analysis of soil samples col-
lected after tillage operation and
was calculated using Eqgn. 7. Tillage
with only rotary tiller implement
produced larger soil aggregates than
with both rotary tiller and cultiva-
tor (Table 3). When front mounted
cultivator was used it opens up the
soil which was pulverised further
by the rotary tiller. The largest clod
size obtained was of 13.11 mm with
rotary tiller alone and smallest clod
size of 6.94 mm with both cultivator
and rotary tiller.

Table 3 Comparison of test results of power tiller with both cultivator and rotary
tiller and with only rotary tiller in L2 and L3 gear

With both cultivator

With rotary tiller

Parameters and rotary tiller alone

L2 Gear | L3 Gear | L2 Gear | L3 Gear
Average Speed (km/h) 1.37 2.27 1.44 2.70
Average tillage depth (cm) 8.50 8.95 8.23 8.70
Theoretical Field capacity (ha/h) 0.098 0.18 0.098 0.18
Effective Field capacity (ha/h) 0.072 0.099 0.074 0.115
Field Efficiency (%) 73.46 55.00 75.55 63.80
Volume of soil handled (m?/h) 61.20 88.60 60.86 100.05
Wheel slip (%) 16.20 25.80 11.90 11.70
Fuel consumption (I1/h) 0.72 1.02 0.83 1.36
Mean weight diameter (mm) 6.94 8.35 11.96 13.11
Specific energy requirement (kJ/m3)* 423.36 413.22 488.16 490.68
Tillage performance index (TPI)* 0.34 0.28 0.17 0.15

*Calorific value of the diesel taken for calculation is 36 MJ/1

Fuel consumption of the rotary
tiller and cultivator combination
was lower i.e. 0.72 I/h compared
to the rotary tiller alone i.e. 0.83
I/h in L2 gear. Tillage operation
with rotary tiller and cultivator in
combination consumed less engine
power as the rotary tiller at the back
pulverised the soil loosened by the
front cultivator. Whereas with ro-
tary tiller alone, fuel consumption
was found to be higher due to cut-
ting of the hard soil surface which
produced high peak torque of the
rotary shaft. However, tillage opera-
tion with third gear increased the
fuel consumption due to increase in
the power requirement. Similarly,
the specific energy requirement for
rotary tiller and cultivator in com-
bination was found to be 423.36 kJ/
m?® which is lower in comparison to
rotary tiller alone i.e. 488.16 kJ/m®.

The TPI, calculated using Eq. 6
was lesser for tillage operation with
rotary tiller alone (i.e. 0.17) com-
pared to both front mounted cultiva-
tor with rotary tiller (i.e. 0.34). This
improvement in tillage with both
tillage implements operating simul-
taneously was due to the smaller
size of soil aggregates and lesser
fuel consumption.

Conclusions

This study was carried out to in-
crease the tilling ability of power
tiller with front mounted cultivator.
Field performance of the power til-
ler was evaluated with both front
mounted cultivator and rotary tiller
and comparison were made with
rotary tiller alone. The field experi-
ment data showed that the field ca-
pacity and field efficiency of power
tiller with front mounted implement
and with only rotary is 0.072 ha/
h and 0.074 ha/h; 73.46 and 75.55
percent when it was operated with
second (low) gear. The volume of
soil handled by rotary tiller alone
is 60.86 m*/h compared to 61.2 m?¥
h for both the implements operated
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simultaneously. The mean weighted
diameter of soil clods obtained with
both cultivator and rotary tiller is
6.94 mm as compared to 11.96 mm
with only rotary tiller. Similarly,
fuel consumption obtained are 0.825
ha/h and 0.72 ha/h for only rotary
tiller and both cultivator and rotary
tiller. The TPI of front mounted cul-
tivator with rotary tiller is 0.34 com-
pared to 0.17 for rotary tiller alone.
This was possible due to the soil
opened by the cultivator and which
was further reduced to smaller ag-
gregates due to rotary tiller. From
the results of performance evalua-
tion of the front mounted cultivator
it can be concluded that there was
significant improvement in the pow-
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Development of Mathematical Model for Predirecting

Peel Mass of Cassava Tubers

Abstract

The peel masses of cassava variet-
ies required in the evaluation of tu-
ber flesh loss and peeling efficiency
of mechanized cassava peeling ma-
chine were studied based on their
moisture contents. Five improved
cassava varieties. UMUCAS 36,
UMUCAS 37, UMUCAS 38, TME
419, and TMS 30572 were consid-
ered with the developed mechanistic
and regression mass models com-
pared with actual peel mass. Results
obtained showed that TME 419 at
moisture content of 63.33% had av-
erage mass of 585.6 g, percentage
mass of peel of 19.13%, and average
peel thickness of 2.33 mm; TMS
30572,at 63.5% moisture content
recorded 499.24 g, 23%, and 2.3
mm for average mass, mass of peel
and average peel thickness respec-
tively; UMUCAS 36 had average
mass of 357.48 g, 21.90% mass of
peel and average peel thickness of
1.6 mm at 72.69% moisture content;
while UMUCAS37at 84% moisture
content recorded 16.97% mass of
peel, 2.4 mm average peel thickness
and 430.24 g average mass; and
UMUCAS 38 had average mass of
497.96 g, average peel thickness of
2.44 mm and 19.77% mass of peel at
73.83% moisture content. ANOVA
result revealed that the mass of peel
models can approximate the actual
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response (mass of peel) of the cas-
sava varieties above 97% predic-
tion accuracy. These eliminated
drudgery and rigors associated with
determining actual peel mass hence
relieving researchers of the ambi-
guities in evaluating flesh loss and
peeling efficiency in cassava pro-
cessing systems.

Keywords: Cassava tuber, vari-
ety, peel mass, moisture content,
flesh loss, peeling efficiency

Introduction

Cassava (Manihot esculenta) is
a perennial root tuber crop which
grows in the tropical and subtropi-
cal areas of the world. It is the third
largest source of food carbohydrates
in the tropics after rice and maize
and it belongs to the family of Eu-
phrobbiaceae (FAO, 1990). In Nige-

ria, cassava referred as Rogo ork-
araza in Hausa, gbaguda or ege in
Yoruba, Akpu or Egburu in Igbo is
cultivated virtually in most regions
and across various vegetation belts.
It is propagated by stem cutting and
after a period of eight months to one
year, it gets ready for harvesting
and processing depending on the
variety (Stephen, 1998). This and
other characteristics attributes of
cassava informed the classification
of cassava based on variety. Cassava
varieties grown in Nigeria include
Oloronto 53101, Oloronto 6044,
Oloronto 60447, Oloronto 60506,
TMS 30211, TMS 30001, TMS
30572, TMS 30555, etc. Recently,
the International Institute of Tropi-
cal Agriculture (1ITA), Ibadan, Ni-
geria in collaboration with National
Root Crop Research Institute (NR-
CRI), Umudike, produced cassava
varieties that are resistant to major

Fig. 1 Cassava Tuber Section
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pests and diseases, compatible with
intercrops as legumes, cereals, and
vegetables, have extended ground
storage and early maturity. These
varieties contain the popular vita-
min A among others hence referred
to as improved varieties. Generally,
cassava tubers when cut through as
shown in Fig. 1 consist of three re-
gions, namely, the periderm which
is the outermost layer, brown in
colour and consists of dead cells
which covers the surface of the tu-
ber, the cortex that lies below the
periderm and is usually about 1.5-
2.5 mm thick and white in colour,
then the central portion of the tuber,
which makes up the greater bulk of
the cassava tuber and is composed
of essentially starch (Abdukadir,
2012). The size of the root depends
on the fertility of the soil and the
cassava variety.

Cassava is converted during its
processing stage to useful products

Table 1 UMUCAS 36 Variety

such as starch, garri, fufu, feed,
tapioca, flour, starch used in paper
industries as form of adhesives, and
in textile industries for strengthen-
ing clothes, etc; the peels are mostly
used for animal feed.However, its
food security, economic and indus-
trialization potentials are currently
underutilized due to inadequate
mechanization of the processing op-
eration.

The need for mechanizing the
processes involved in cassava pro-
duction spurs the engineer into ac-
tion of producing machines for the
unit operations in the processing
of cassava such as peeling, grating,
boiling/ par boiling, drying, mill-
ing, sifting, extrusion, frying, etc.
Several processes such as grating,
drying, milling, pressing, sieving,
frying and extrusion have been
mechanized successfully, however,
cassava peeling remains a serious
global problem to design engineers

(Olukunle et al., 2006; Abdukadir,
2012). Peeling involves the removal
of a thin layer (the peel) from cas-
sava roots as it contains the highest
concentration of cyanogenic gluco-
side responsible for cassava toxicity
and also for end product quality.
Cassava tubers’ size and shape vari-
ations caused peeling to be the most
difficult unit operation in the entire
processing operations (Olukunle
and Akinnuli, 2013). Over the years,
manual method which involves us-
ing knife or other sharp objects
remains the most used method due
to the fact that mechanical methods
developed have been less efficient in
the peeling process of cassava. This
manual method is time consum-
ing, full of drudgery, inefficient for
commercial production and requires
much man-power which increases
the cost of production. Many ma-
chines have been developed for the
mechanical method of peeling, yet

Sam-| L M, V, Ps Rin (Mm) GMD |Spheri- = vV, Mo, Mp,
ple | (mm) | (g) | (cm?) |(glem’) b | ¢ | (mm) cityyp | (mm?) | (mm) (mm?) (9 (9)
1 385 610 565 1.08 63 60 29 47.86 0.76 7,19898 1.71 12,310.25 104.37 99.44
2 437 920 1,035  0.89 83 72 46 65.02 078 13,287.91  1.84 24,449.75 136.38 125.19
3 358 675 624 1.08 80 63 37 5713 071 10,258.86  3.16 32,452.20 196.59 186.05
4 315 365 349 1.05 58 50 33 4574 079 657586 3.07 20,165.96 13522 121.78
5 366 565 472 1.20 73 62 32 5252 072 866804 295 25570.71 197.24 182.23
6 340 345 305 1.13 66 42 32 4460 0.68 625134 154 9627.07 67.92 64.72
7 311 510 498  1.02 60 61 22 4318 0.72 5860.66 3.39 19,848.12 147.61 117.73
8 259 365 349  1.05 55 52 39 4814 0.88 7,28280 1.83 1332752 7295 73.87
9 315 245 214 114 47 36 31 3743 080 440405 143 629779 5357 49.21
10 3908 315 285 111 51 44 22 3668 072 422969 213 899513 100.46 87.69
1 226 382 352 1.09 74 60 22 46.05 062 6,666.25 1.45 9,666.06 46.61 45.60
12 294 300 258 1.16 52 47 32 4276 082 574793 135 774055 5890 47.70
13 218 485 453  1.07 74 67 30 5298 072 882327 3.05 26,910.97 11293 112.70
14 328 250 186 1.34 57 40 43 4611 081 668262 1.33 8910.16 7248 63.47
15 296 285 213 1.34 54 47 22 3822 071 459149 147 673419 6526 57.76
16 224 375 314 119 66 54 23 4344 066 593091 1.33 7,907.88 44.27 42.05
17 211 295 281 1.05 61 48 28 4344 071 593149 140 830409 37.83 36.20
18 198 195 140  1.39 51 40 28 3851 076 4,661.62 146 680596 4348 41.24
19 227 225 235 0.96 54 45 35 4398 081 6,07847 143 869221 39.38 44.11
20 218 195 166  1.17 53 44 25 3878 073 472560 128 6,064.52 36.65 37.76
21 195 225 196 115 55 45 23 3847 070 465100 1.26 584476 30.92 30.56
22 205 165 152 1.09 49 37 22 3417 070 3,669.09 1.81 6,628.82 37.89 38.14
23 184 195 220 0.89 51 58 20 3897 076 477196 207 9877.95 4418 44.40
24 201 170 112 152 53 41 31 4069 077 520346 144 751032 49.94 5042
25 194 280 258  1.09 62 49 22 4058 065 517628 142 7,333.07 3405 32.18
Av | 276.12 357.48 329.28 1.13 60.08 5056 29.16 44.22 0.74 6,293.18 186 12,319.04 7868 7177
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they have low efficiency and high
flesh loss. Effective peeling, ac-
cording to Adetan et al. (2003), is
dependent on the proper application
of the engineering properties in the
development of the processing ma-
chines. Peel thickness, geometric
mean diameter and sphericity are
among the properties of cassava
that vary across cassava varieties as
functions of mass of peel. Theoreti-
cal determination of mass of peel
of cassava varieties became im-
perative as this formed the basis for
the evaluation of the flesh loss and
peeling efficiency. Determination
of mass of peel has been challeng-
ing. Most researchers in their works
assumed mass of peel by manual
method to be ideal with no flesh loss
hence the yardstick for comparison
of mass of peel by any peeling ma-
chine. The ratio of this mass of peel
to the total mass of cassava tuber
gives proportion by weight (ppw-

Table 2 UMUCAS 37 Variety

percentage peeling weight). Oluwole
and Adio (2013) obtained a value of
0.163 (16.3%). However, Adetan et
al. (2003) observed that the percent-
age by weight of peel ranged from
10.6-21.5%, Kazeen et al.(2013) had
17.36-24.09 % and Ademosun et al.
(2012) ranged from 13.12-20.06%.
These varying PPW necessitated
the need to establish and validate
a theoretical mass of peel in the
evaluation of machine performance
parameters.

The objective of this study is to
determine physical properties of five
varieties of cassava roots, namely:
Umudike Cassava (UMUCAS)
36, UMUCAS 37 and UMUCAS
38) also known as Tropical Mani-
hot specie (TMS) 01/1368, TMS
01/1412, TMS 01/1371, respectively.
Likewise TME 419 and TMS 30572
were also part of the five cassava
varieties considered which were all
used for establishing percentage

peel mass of each cassava variety
as it affects peeling mechanization,
applicable in the subsequent designs
of cassava peeling machines to in-
crease efficiency and reduce tuber
flesh losses.

Materials and Mthods

The tuber samples were accessed
from National Root Crop Research
Institute Umudike (NRCRI). They
were randomly harvested 12 months
after planting, sorted and cleaned
from dirt. Twenty five (25) samples
each of the varieties (marked
1-25) were selected randomly for
the experiment. The experiment
was conducted at the post-harvest
Laboratory of Agricultural and
Bio-Resources Engineering Depart-
ment, College of Engineering and
Engineering Technology (CEET),
Michael Okpara University of Agri-

sam-| L M, vV, Ps Rin (M) GMD |Spheri- Pu vV, Mo | Mg,

ple | (mm) | (9) | (cm?) |(g/lem?) b | ¢ | (mm) cityyp | (mm?) | (mm) (mm?) (9 (9)

1 490 326 346 0.94 78 63 28 51.63 066 837632 292 2445886 157.97 89.88
2 401 1,666 1683  0.98 83 61 39 5823 070 10,657.12 2.87 30,5550.40 151.52 116.76
3 320 423 486 0.87 79 71 48 6457 0.82 13,0416 2.75 35992.75 129.70 122.18
4 336 458 476  0.96 66 45 28 4365 066 5987.80 3.18 19,021.26 98.90 71.38
5 355 420 490 0.85 74 56 29 4935 067 7,653.67 250 19,159.69 83.91 63.51
6 325 1,212 1,309 0.93 84 66 33 56.77 0.68 10,128.60 1.83 18569.10 71.48 67.05
7 245 1,140 1,148  0.99 73 70 41 5939 0.81 11,086.50 2.43 2690324 9259 94.19
8 298 519 600 0.87 40 47 31 3877 097 472430 1.82 859823 5621 39.01
9 266 1,008 1,017  0.99 69 63 44 5762 0.84 1043325 256 26,743.89 104.05 103.38
10 271 1,395 1421  0.98 43 37 30 3627 084 413541 350 1447395 9052 75.42
11 220 1215 1200 1.01 56 60 28 4548 081 6,501.14 2.33 15147.66 63.59 59.81
12 348 910 930 0.97 33 30 16 2511 076 198226 232 459224 4925 22.37
13 297 699 687 1.01 40 47 31 3877 097 472430 195 9,196.64 69.97 56.23
14 255 201 247 0.81 75 72 34 5684 076 10,15250 2.00 20,271.16 59.54 54.33
15 310 1,070 1,086 0.98 49 48 16 3351 068 352036 220 777636 5419 29.72
16 396 479 491  0.96 83 73 29 56.01 067 985955 254 2504327 12629 93.76
17 305 135 153  0.89 66 36 27 40.03 061 503653 2.00 10,073.06 4450 34.96
18 155 114 127 0.86 72 64 36 54.95 076 948858 2.35 2232079 43.14 44.89
19 167 395 457  0.86 48 44 28 3896 0.81 477045 294 1402512 4330 42.28
20 198 135 154 0.88 36 34 13 2515 070 198827 292 581236 30.83 29.87
21 167 251 282  0.89 30 27 17 2397 080 180557 234 421901 2151 18.65
22 228 175 207 0.85 74 64 42 5837 079 10,709.40  1.93 20,669.15 55.34 54.15
23 308 340 374 091 68 34 20 3589 053 404890 2.05 830023 3872 29.43
24 236 965 1004 0.96 69 60 20 4359 063 597051 1.89 11,284.27 4227 4230
25 230 445 532 0.83 67 63 32 5131 077 827373 1.87 1544430 4631 49.99
Av | 28508 430.24 467.65 0.92 6220 5340 29.60 4577 075 7,00513 240 16,746.24 73.02 65.79

VOL.51 NO.1 2020 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA 57



culture, Umudike. Moisture content
was determined by randomly select-
ing 3 samples of each cassava tuber
variety. The cleaned tuber samples
were sliced transversely with a
knife to a thickness of 5mm and set
on the sliding plate. The sample was
weighed using a sensitive weigh-
ing balance of 0.0l g accuracy. The
moisture content was determined by
dehydrating the samples at 105 °C
for 24 hrs in a drying oven (AOAC,
2005). After which the samples
were taken out, cooled in a desic-
cator, and then weighed again. The
loss of weight in the sample was
used to calculate the moisture con-
tent using the expression given by
Del Nobile et al. (2007) as shown
in Equation (1). Three replications
of this process were carried out
and the average was taken to be the
moisture content of the variety.

M% = [(W,, — W]/ W,, x (100/ 1)

where,

W,, = weight of wet sample (g)

W, = weight of dried sample (g)

M, = moisture content on wet ba-

sis (%)

The length of tuber used in grad-
ing of the samples were measured
using a measuring tape; size and
thickness (measured at three parts
of the tuber: the major diameter, a,
the intermediate diameter, b, and
the minor diameter, c) of cassava
tuber was determined using a Ver-
nier caliper. These measurements
were taken for the unpeeled cassava
after which the cassava was peeled
carefully and the corky periderm
together with the cortex (the peel)
dimensions were measured and re-
corded. Then, the geometric mean
diameter of the cassava was calcu-
lated using the expression given in
Equation (2) as given by (Mohsenin,
1980; Simonyan and Ehiem,2012;

This has been investigated by Nwa-
chukwu et al. (2015) to be a charac-
teristic property of cassava tuber va-
riety. Mean value of GMD accounts
for the morphological disparities in
cassava tuber during evaluation.

GMD=(axhbxc)® )

where,

GMD= Geometric Mean Diam-
eter, mm

a = major diameter (head), mm

b = intermediate diameter (mid-

dle), mm

¢ = minor diameter (tail), mm

Shape and sphericity which evalu-
ates the degree of roundness of the
cassava tubers was determined us-
ing the expression given by Kooch-
eki et al. (2007) as:

Sphericity, = GMD / a 3)

Thereafter, the surface area of the
tubers was calculated using the ex-
pression given by Nwachukwu and
Simonyan (2015) as:

(@) Nwachukwu and Simonyan, 2015). S,=n x GMD? @
Table 3 UMUCAS 38 Variety
sam-| L M, V, Ps Ry, (Mm) GMD |Spheri- Pu A Mpe | Mg,
ple | (mm) | (g) | (cm?) |(gfem?) [ b [ ¢ [(mm)cityo | (mmd) | (mm) | (mm) | (9) | (9)
1 243 388 388 1.00 51 60 33 4657 091 6,81556 243 17,720.45 81.23 82.40
2 259 480 474 101 41 38 34 3756 092 443311 247 1152609 70.25 64.27
3 478 256 238 1.08 74 66 42 5898 0.80 10,931.87 3.06 39,573.36 238.81 197.93
4 457 615 510 121 73 47 24 4351 0.60 594884 271 16,716.24 134.10 123.73
5 216 2,033 1,960 1.04 63 61 58 60.63 096 11,554.29 2.37 31,312.13 97.30 93.60
6 598 758 770 0.98 80 54 28 4946 062 7,687.27 238 20,448.14 146.99 141.02
7 314 416 246 1.69 56 48 24 4011 0.72 5,055.58 252 14,509.53 128.34 124.09
8 250 189 151 1.25 51 42 24 3718 0.73 434542 292 1581732 8156 82.06
9 339 473 443 107 63 46 26 4224 067 560694 236 13,849.13 80.88 78.76
10 263 409 346  1.18 71 62 38 55.10 0.78 9,541.87 2.27 29,007.28 98.11 101.49
11 444 1,018 979 1.04 62 62 32 4973 080 7,773.80 2.52 20,989.26 152.32 159.44
12 186 302 348 087 49 40 25 3659 075 4,208.64 327 14,141.03 47.08 47.06
13 353 392 367  1.07 51 46 25 3885 0.76 4,74449 243 13,42691 89.33 86.69
14 200 404 375 1.08 48 43 23 36.21 075 4,12068 1.76 8,076.54 3410 40.46
15 378 977 805 121 52 46 32 4246 082 5666.11 2.07 13,655.33 105.43 109.27
16 195 934 868 1.08 68 58 31 4963 073 7,74242 258 25162.87 65.07 70.90
17 205 686 625 1.10 58 57 41 5137 0.89 829346  2.02 17,499.19 65.79 79.31
18 360 1,226 1,112 1.10 50 38 22 3471 0.69 3,785.55 199 738182 63.07 57.84
19 267 333 374 089 86 75 43 6521 076 13,366.87 1.85 28,337.77 71.27 71.33
20 321 786 708 1.11 83 74 46 65.62 0.79 13,532.86 2.37 36,538.71 141.80 138.48
21 210 615 510 1.21 46 43 25 36.70 0.80 4,23437 2.63 11,940.92 6355 66.96
22 276 807 778 1.04 78 62 37 5635 072 9,980.13 211 22,654.91 80.79 77.06
23 537 974 911 1.07 67 57 24 4509 0.67 6,389.28  3.23 23,832.00 193.69 188.62
24 243 337 312 1.08 53 42 28 39.65 0.75 4,940.83 2.02 10,276.92 51.11 51.62
25 410 541 549  0.99 58 43 21 3741 065 4,399.68 239 11,747.16 79.50 78.83
Av | 320.08 497..96 452.69 110 6128 5240 3144 46.28 0.76 7,004.00 243 19,04564 98.46 96.37

58 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA 2020 VOL.51 NO.1



Fig. 2 Cylindrical Model

where,

S, = Surface area, mm?

The mass of individual sample for
both the peeled and the unpeeled
cassava tuber was determined using
sensitive weighing balance of 0.0lg
accuracy. The volume of each tuber
was determined experimentally us-
ing water displacement method as
given by Hughes (2005). A displace-
ment device with a flow path created
closer to the top was used. Water
was poured into the device until it

Table 4 TMS 30572 Variety

reaches the flow point. The excess
water was allowed to flow out until
it stopped. The cassava tuber was
put inside water proof nylon and
placed in the displacement device.
An amount of water displaced was
collected and its value read from a
measuring cylinder. The volume of
displaced water was taken as the
volume of the tuber. The average
volume used was determined from
25 replications. The ratio of mass to
the volume was used to determine
the true density for each of the 25
samples of the cassava tubers (vari-
eties) as shown in Equation (6).

pS = MC / VC (6)

where,

p, = True density, g/cm?

M, = mass of tuber, g

Vv, = volume of tuber, cm?®

The theoretical mass of peel
was developed from basic mass as
shown in Equation (7) for a cylin-
drical configuration modeled with

D as diameter; L as length of tuber
and Pth as peel thickness (Fig. 2).

m=pv (7)

where,

m = mass of peel, g

p = density of peel, g/cm?

v = volume of peel, cm®

v =S, x P, =nDLP,, )

Taking, D, as Geometric mean
diameter (GMD), Dg, expressed
in Equation (2), which is a dimen-
sional property that takes care of
the variation in the tuber thickness
along the full length. Assuming p,
density of peel = p_s, density of cas-
sava (Equation 6) and since cassava
tuber is not perfectly round as pro-
jected by the model, the shape fac-
tor known as sphericity expressed
in Equation (3) was introduced.
Integrating all these, the theoretical
mass of peel was therefore, formu-
lated mechanistically from Equation
(7) as:

mp = n(PpngLpth (9)

sam-| L M, vV, Ps Rin (M) GMD |Spheri- Pu vV, Mo | Mg,

ple | (mm) | (9) | (cm?) |(g/lem?) b | ¢ | (mm) cityyp | (mm?) | (mm) (mm?) (9 (9)

1 340 250 186 1.34 85 81 55 72.35 0.85 16,450.87 1.87 30,817.96 168.70 157.40
2 314 285 245 116 65 63 51 59.33 091 11,06353 212 23491.56 132.75 103.84
3 200 375 247 152 47 44 19 3400 072 363257 243 881503 89.06 50.86
4 461 295 273 1.08 79 67 60 68.23 0.86 14,630.07 2.28 33,356.57 211.68 136.97
5 220 195 140  1.39 47 44 31 4002 085 503446 217 1092477 72.37 57.82
6 460 225 196 115 66 66 53 61.35 0.93 11,828.24 2.36 27,954.08 224.82 121.94
7 355 280 258  1.09 67 67 47 5953  0.89 11,138.91  2.02 22537.73 131.34 92.95
8 263 610 565 1.08 62 54 43 5241 085 8,633.37 276 23856.88 110.48 97.88
9 298 305 273 112 51 48 24 3888 076 4,749.99 226 10,719.15 73.80 55.51
10 286 645 575 1.12 53 53 43 4943 093 7,679.94 276 2122224 129.07 90.46
11 265 410 396  1.04 66 63 43 5634 085 997500 247 24,671.51 10437 97.07
12 225 921 1,035 0.89 57 45 44 4833 085 7,340.14 222 16,270.65 57.55 55.02
13 198 820 806  1.02 63 64 43 5576 0.89 9,772.46 2.05 2003353 65.09 67.45
14 258 575 500 1.15 63 68 48 59.02 0.94 10,949.77  2.64 2894388 137.79 126.48
15 322 545 534  1.02 56 58 44 5228 093 859126 223 19,187.15 11342 74.41
16 354 480 356  1.35 73 69 47 61.86 0.85 12,027.93 2.26 27,143.03 180.73 139.07
17 365 240 190 1.26 83 75 37 61.30 074 11,809.69  1.73 20,391.40 120.11 97.88
18 240 545 405 1.35 65 64 41 5546 085 9,666.35 218 21,040.42 106.82 107.59
19 263 435 382 1.14 62 54 43 5241 085 8,633.37 212 1833152 8954 79.32
20 235 340 270 1.26 67 63 32 5131 077 827411 3.07 2540152 118.07 12155
21 275 580 491 1.8 59 54 28 4468 076 6,27500 2.36 14,829.91 8588 66.57
22 366 1,790 1,685 1.06 54 51 28 4256 079 569411 2.37 13476.06 101.06 54.40
23 363 425 300 1.42 53 52 46 5024 095 7,931.75 197 1565199 152.16 84.26
24 349 410 272 151 54 51 20 38.05 070 454995 236 10,753.06 114.71 6159
25 230 500 514 0.97 58 57 38 50.08 0.86 7,883.80 2.31 1818529 71.43 67.22
Av | 303.80 499.24 419.76 119 6220 59.00 40.32 52.61 085 8,968.67 2.30 20,320.27 11851 98.62
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Therefore, Equation (9) is the
theoretical mass of peel model while
the percentage mass of peel is given
as:

%M, = (M, / M) x 100 (20

Analysis Procedure

In order to understand the contri-
butions of the physical parameters
of the various cassava tubers to the
mass of peel, a statistical modelling
technique known as linear regres-
sion was employed. Aanalysis of
variance was employed in testing
the adequacy of the fitted models to
be true approximations of the mea-
sured data.

Results and Discussion

Moisture content of the test
varieties determined from Equa-
tion (1) are 72.69%, 84%, 73.83%,
63.5% and 63.33%, for UMUCAS

Table 5 TME 419 Variety

36,UMUCAS 37, UMUCAS 38
TMS 30572 and TME 419 respec-
tively. Experimental results of the
measured and determined physical
properties of cassava tuber varieties
were tabulated in Tables 1-5. From
these tables, UMUCAS 36 had
21.90% mass of peel and an average
peel thickness of 1.6 mm; UMU-
CAS 37 recorded 16.97% mass of
peel and an average peel thickness
of 2.4 mm; UMUCAS 38 had an
average peel thickness of 2.44 mm
and 19.77% mass of peel. TME
419 had percentage mass of peel of
19.13% and an average peel thick-
ness of 2.33 mm while TMS 30572
recorded high peel mass of 23% and
2.3 mm for average peel thickness.
TMS30572, therefore, is suitable for
animal production.

Theoretical mass of peel, M,, in
column 14 of Tables 1-5 for the
evaluation of the cassava attrition
peeling machine was determined

from the developed model expressed
in Equation (9) while the actual
mass of peel M, (column 15) was
measured directly after carefully
removing cassava peel by manual
method. Ratio of its average value
to the average mass of unpeeled cas-
sava gives the percentage peel mass
(determine from Equation 10). Tu-
ber mass, length, volume, root and
peel thickness were measured while
geometric mean diameter, sphericity
and surface area were determined
from Equations 2 to 4, respectively.
The generated data was subjected to
regression analysis and fitted linear
regression models was established
as shown in Equations (11) to (15)
for predicting the mass of peel for
UMUCAS 36, UMUCAS 37, UMU-
CAS 38, TME 419, TMS 30572 and
Mixed variety, respectively. These
model predicted the mass of peel by
relating it to the length of cassava
tubers (L), mass of cassava tubers

sam-| L M, vV, Ps Riy (Mm) GMD |Spheri- Pu v, Mo | Mp,

ple | (mm) | (g) | (cm) |(g/lem?) [ b [ ¢ [(mm) cityop | (mm?d) | (mm) | (mm?) (9 (9)

1 329 830 721 115 69 63 30 5071 073 808261 2.66 21,472.80 12550 106.79
2 278 545 507  1.07 67 50 25 4375 065 601637 2.85 17,146.64 8274 79.63
3 390 1000 916  1.09 80 70 27 5327 067 892029 3.33 29,674.83 174.90 139.95
4 371 715 662 1.08 68 60 32 5073 075 808881 3.74 30,225.18 187.24 184.03
5 282 83 726 1.15 74 67 42 5927 0.80 11,042.01  3.37 37,174.78 167.68 146.71
6 409 630 567 111 54 46 24 3906 072 479645 3.28 15748.33 140.22 125.59
7 240 565 225 251 63 54 33 4824 077 7731436 2.83 20,724.03 205.47 204.81
8 317 620 560 1.11 58 54 32 4645 080 6,781.50 257 17,428.45 108.97 93.36
9 260 445 413 1.08 58 51 22 4022 069 508501 2.86 1454312 7626 67.69
10 228 630 547 115 67 70 50 61.67 092 11,951.97 3.31 39,521.19 156.57 156.64
11 276 470 428  1.10 65 48 22 4094 063 5269.01 290 15280.14 7830 72.49
12 255 380 298 1.28 52 49 24 3940 076 487848 242 1182219 7818 65.13
13 356 645 600 1.08 58 47 30 4341 075 592165 3.23 19,107.18 130.70 113.73
14 251 495 388 1.28 61 55 32 4753 078 7,099.69 2.87 20,399.78 111.15 112.43
15 290 665 598 111 69 64 35 53.67 078 9,051.96 3.18 28,785.22 140.38 138.28
16 162 340 305 111 61 55 25 4377 072 602235 244 1471461 4677 45.86
17 325 485 378 1.28 54 47 23 3879 072 472960 273 12,911.80 106.23 79.57
18 236 475 427 111 64 63 26 4715 074 6,987.80 2.58 18,051.81 80.09 81.75
19 221 455 374 122 53 63 31 4695 0.89 692888 2.67 1852321 98.06 97.35
20 267 535 459  1.17 70 51 32 4852 0.69 7,399.85 294 21,780.24 101.77 101.67
21 298 740 685  1.08 76 63 22 4723 062 701018 3.62 25400.20 12226 118.54
22 295 755 700  1.08 64 60 35 5122 0.80 8,246.64 2.96 24,437.55 12570 113.87
23 193 320 278 115 55 53 40 4885 089 7,501.42 258 19,378.67 79.04 76.36
24 295 290 268 1.08 50 35 20 3271 065 336297 212 711829 4862 43.28
25 217 275 214 1.29 50 44 31 40.86 0.82 524647 246 12,888.83 7330 71.55
Av | 281.64 565.60 471.76 120 6240 5528 29.80 4658 075 6,949.45 290 20,570.36 113.84 105.88
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(M), true density (p), geometric
mean diameter of the tubers (GMD),
surface area (SA), peel thickness
(P4 and sphericity of the tubers ()
above 98% interval.
M umucas se = —68.86 + 17.84p +
0.9088D, + 10.338P,, (11
Mumucas ary = —25.40 + 0.00845L
+9.52p + 0.002205SA + 5.930P,

(12)
Mpumucas sy = —62.61 + 19.20p +
0.9099D, + 8.25Py, (13)

Mo rms 20572 = —43.54 + 12.38p +
0.6409Dg + 7.918Pth . (14
Mprme a9y = 11.48 + 20.611p —
1.324D, + 0.008010SA + 7.055P,
—4.200 (15)
Momixepy = —143.6 + 21.35Py, s
aos72) — 0.02042M ymys6) + 1.997
Dg(UMU-36) - 0'00354SA(UMU-36)
+ 17.35Pywumu-ss) + 8.09pwumuar)
- 3.242D9(UMU>37) + 0.01401
SAumu-ary — 0.02430L (ypmy.zs) +
4.389D, .29 — 0.01160SA 3026

+ 1-723Dg(TME 419 9.04 Pth(TME 419)

— 35.3¢rmEay (16)
Inspection of the regression mod-
els developed, it can be seen that

the true density, geometric mean di-
ameter and peel thickness are main
determinant for the mass of peel of
all the cassava varieties while the
significant contributions of length of
cassava, surface area and sphericity
impact on the mass of peel obtained
for TME 419 and UMUCAS 37 cas-
sava varieties. Also analysis of vari-
ance of the regression models shows
that the predictability of the reduced
models is within 95% confidence
interval with the residual sum of
squares (R? and R?adj) so close to
100%.

Table 6 present the results of the
mean values of theoretical, actual
mass of peel and regression model
prediction of mass of peel of cassava
varieties under study. It is evident
from the Analysis of Variance result
as shown in Table 7, that there is no
significant variation in predicted,
theoretical and actual values of
mass of peel across the cassava vari-
eties since the respective P-value for
the cassava varieties and percent-
age mass of peel are 8.96E-06 and

Table 6 Predicted, theoretical and actual peel mass for the test varieties

Sl. . Percentage Mass of peel (%)
No. Cassava variety Predicted \ Theoretical \ Actual

1 UMUCAS 36 21.85 21.90 20.31

2 UMUCAS 37 15.07 16.97 15.29

3 UMUCAS 38 20.72 19.77 19.35

4 TMS 30572 23.51 23.73 22.75

5 TME 419 20.54 19.13 18.92
Table 7 ANOVA of predicted, theoretical and actual peel mass

Count Sum \ Average \ Variance
UMUCAS 36 3 64.06 21.35333 0.817033
UMUCAS 37 3 47.33 15.77667 1.080133
UMUCAS 38 3 59.84 19.94667 0.492633
TMS 30572 3 69.99 23.33 0.2644
TME 419 3 58.59 19.53 0.7761
Predicted 5 101.69 20.338 10.07157
Theoretical 5 101.5 20.3 6.7659
Actual 5 96.62 19.324 7.28668
ANOVA
Source of variation SS df MS Fcal P-value (S
Cassava Varieties | 92.93969 4 23.23492 52.25872 8.96E-06 3.837853
% Mass of peel 3.303693 2 1.651847 7.715243 0.017225 4.45897
Error 3.556907 8 0.444613
Total 99.80029 14

0.017225, respectively, which are
less than the a-value of 0.05.

Conclusions

Physical properties of five cassava
varieties were studied. The results
obtained were used to evaluate mass
of peel required in the performance
evaluation of cassava processing
machines, especially cassava peel-
ing machines, as it regards selection
of peeling method, materials, time
and cost. Results obtained showed
that TME 419 cassava variety at
63.33% moisture content had an
average mass of 585.6 g, percentage
mass of peel of 19.13%, and average
peel thickness of 2.33 mm. TMS
30572 cassava variety at 63.5%
moisture content recorded 499.24 g,
23% and 2.3 mm for average mass,
mass of peel and average peel thick-
ness, respectively; UMUCAS 36 had
average mass of 357.48 g, 21.90%
mass of peel and average peel thick-
ness of 1.6 mm at 72.69% moisture
content; while UMUCAS 37 at 84%
moisture content recorded 16.97%
mass of peel, 2.4mm average peel
thickness and 4303.24 g average
mass; and UMUCAS 38 had aver-
age mass of 497.96 g, average peel
thickness of 2.44 mm and 19.77%
mass of peel at 73.83% moisture
content. ANOVA result revealed
that the models can approximate the
actual response (mass of peel) of the
cassava varieties within an accept-
able error of +5%. This, therefore,
would possibly make the cassava
peeling system designs accommo-
date different cassava varieties and
tuber sizes by just adjusting some
necessary parameters.
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Abstract

An improved cassava attrition
peeling machine was developed
by modifying an existing cassava
peeler. Comparative analysis was
carried out on the test result which
showed significant differences in the
quantity and quality of peeled cas-
sava in the existing attrition peeling
methods and the modified tech-
nique. The results revealed that the
modified machine performed well
by giving an efficiency of 75.4%,
throughput of 119 kg/h, tuber flesh
loss of 5.88% and specific energy
consumption of 57.1 kJ/kg. The av-
erage processing time of 17.5 min/
batch and cost of N6.25/kg (18 US =
360 N) resulted in 42.3% and 25%
improvement respectively. This im-
proved technique eliminated pre-
operational activities of trimming,
sorting and grading of cassava
tubers that characterised other tech-
niques. Its operation was made sim-
ple requiring little or no skills from
the operator while all materials used
for fabrication were sourced locally

to make the machine affordable for
small scale processing industry

Keywords: Attrition peeling, cas-
sava tuber, efficiency, flesh loss, pre-
operational activity

Introduction

Cassava is the third-largest source
of carbohydrates for meals in the
world and Nigeria is one of the larg-
est producers with over 34 million
tonnes of tubers produced annually
(Ajibola, 2000; Echebiri and Edaba,
2008; Kolawole et al, 2010). How-
ever, its food security, economic
and industrialization potentials
are underutilized in Nigeria due to
inadequate mechanization of the
processing operation, its perishable
nature and high content of toxic
cyanogenic glucoside especially
in the peels. Adequate mechanised
processing minimises or eliminates
the drudgery associated with the
post-harvest processing operations

Several unit operations as shown
in Fig. 1 are involved in the process-

ing of cassava into various desired
products (Odigbo, 1983a), and these
according to Kolawole et al. (2010),
Igbeka et al. (1992), Jimoh and Olu-
kunle (2012) depending on the end
product include peeling, washing,
grating, boiling, parboiling, drying,
milling, pressing, sieving, extrusion
and frying.

Meanwhile, other cassava pro-
cessing operations have been com-
mercially mechanized successfully
but cassava peeling which obviously
from the flow diagram above is the
first post-harvest processing op-
eration has remained according to
Olukunle and Jimoh (2012) and Eg-
beocha et al. (2016) a serious global
challenge to the sector as it is yet
to be successfully mechanised. The
major problem associated with the
peeling operation of cassava is that
cassava roots exhibit appreciable
differences in weight, size and shape
(dimensional disparities across vari-
eties) and this limits its mechanical
peeling efficiency.

The efforts made by (Ezekwe,
1979; Nwokedi, 1984; Odigboh,
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1983b; Ohwovoriole et al., 1988;
Ejovo et al., 1988; Igbeka, et al.,
1992; IITA, 2006; Olukunle et al.,
2006; Adetan et al., 2006; Oluwole
and Adio, 2013) towards mecha-
nizing the cassava peeling process
were acknowledged. The works of
(Ejovo et al., 1988; Adetan et al.,
2006; Jimoh and Olukunle, 2012)
were based on knife edge peeling
mechanism as most of the research
efforts at developing a suitable cas-
sava peeling machine have concen-
trated on the use of abrasive mecha-
nism to achieve peeling (Ezekwe,
1979; Odigboh, 1983b; Nwokedi,
1984; Akintunde, 2005; IITA, 2006;
Olukunle et al., 2006; Oluwole and
Adio, 2013; Ugwu and Ozioko,
2015). The methods of mechanized
knife edge for cassava peeling are
adversely characterised by pre-oper-
ational activities which is associated
with high tuber flesh loss. Egbeocha
et al. (2016) in their study on perfor-
mance of cassava peeling machines
in Nigeria reported high tuber flesh
losses (25-42 %) for knife-edge
operated peelers due to the high
speed, design and positioning of the
knives in addition to preoperational
activities but further confirmed at-
trition peeling to be more promising
with great attention to its inherent
advantage of improved efficiency at
low speed of 60 rpm and improved
abrasive surface. Though, com-
mon problem with these attrition
machines is low output. In addition
to this, tuber may be reduced to a
uniform cylinder with considerable
wastage of useful flesh before satis-
factory peeling could be achieved.
Among the outstanding of these
attrition based innovations is the
cassava attrition peeling machine
developed by Projects Development
Institute (PRODA), Enugu. This
existing cassava attrition peeling
machine consist of the peeling unit,
discharge unit, washing unit, prime
mover (electric motor), rounded
cylindrical shaped peeling/nibbling
balls was developed as an attempt
to address the problem of pre-oper-

ational treatments and reduction in
tuber flesh loss during mechanized
peeling of cassava. The peeling
balls together with the expanded
metal lining of the drum provide the
rough surfaces to effect peeling as
the cylindrical peeling drums im-
pacts rotational motion on the balls
freely mixed with the cassava and
consequently creating tumbling ef-
fect in the drum that gives random
relative motion thereby causing the
shredding of the cassava peels. The
rounded cylindrical shape of the
balls makes it possible for depres-
sions on the surface of the cassava
to be engaged.

However, problems with the PRO-
DA developed cassava peeling ma-
chine are high peel retention espe-
cially with irregular shaped tubers;
low operating speed (25 rpm) and
poor frictional peeling drum surface
resulting in more processing time
for a batch. These shortcomings
are attributed to insufficient design
analysis stemming from inability
to determine the appropriate shape
(and number) of balls based on cor-
responding geometric attribute of
tubers, frictional characteristics of
the peeling surface, effect of speed
variation on the performance indi-
cator and failure to consider crop
and operational parameters in the
development of attrition peeling ma-
chine. For example, sphericity is a
property of cassava that determines

its degree of roundness (Koocheki
et al., 2007) and for cassava tubers
is usually less than one, this simply
reveals that cylindrical shaped balls
will not be suitable to effectively en-
gaged recessed regions of tubers.

To address these deficiencies
noticed in other types of cassava
peeling machines available in the
country, a modified cassava attrition
peeling machine with appropriate
shape of peeling balls, increased ag-
itation by increasing peeling speed
and improved peeling drum surface
is needed.

Materials and Methods

Description of the Modified Ma-
chine

The machine comprises the
frame, peeling unit, electric motor,
water trough (bath) and peeled cas-
sava discharging chute (Fig. 2). The
frame is formed from 5 mm thick
angle iron and served as the main
supporting structure for mounting
of other component parts of the ma-
chine. The peeling drum chamber
consist mainly of a rolled perforated
aluminum plate of 2,482 x 400 x 10
mm formed into a cylindrical drum
and centrally mounted on a mild
steel shaft which is 1,100 mm long
by 45 mm diameter with three 400
mm long angular aluminum bars of
10 mm thickness welded to the inner

Fig. 1 Flow diagram of Unit Operations in Processing Cassava into Different Productsl
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Sources: (Onwualu et al., 2006; Igheka et al., 1992; Odighoh, 1983a)
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surface. The bars are equidistantly
spaced acting as breaker baffles to
check centrifugal effect thereby ex-
tending sticking speed. The perfora-
tions (6 mm hole) were made at reg-
ular interval of 4 hole/cm? such that
the embossments inside enhance the
frictional characteristics of the inner
drum surface.

Design Concept of Modification
The identified design shortcom-

ings for poor performance of an ex-

isting cassava peeler brought about
the following modifications:

1 Replacing cylindrical rounded
end peeling balls with egg shaped
balls to provide more contact
surface and easy access to the
pronounced bend and recessed
regions of cassava tubers

2. Introducing breaker baffles (3
inverted angular bars) equidis-
tantly spaced in the inner walls
of the peeling drum to enhance
agitations and extend the sticking
speed.

3. Improved inner peeling drum sur-
face of embossed projections cre-
ated by perforating regular 4 holes
per cm? as peeling tools instead of
expanded metal inner drum lining
in the existing.

The design considerations upon
the improvement were based on

good abrasive surface for removal of
the peel; uniform peeling at minimal
useful tuber flesh loss; insensitivity
and versatility to the size of tubers
of different varieties, age, tough-
ness and the thickness, accepting all
sizes of tuber and peeling them to
the economical depth thereby elimi-
nating pre operational treatment;
and capacity for high economic
value of having a large through-
put of peeled tubers which a batch
machine achieve either by peeling
small quantities very quickly or by
accepting large quantity at a time
or by both. In addition, simplicity
of design, adequate automation and
safety of operation since peeling
machine will usually be manned by
low grade labour were considered
and the machine was fabricated
with standard components (locally
sourced without undermining the
functional and environmental re-
quirements) to ensure low cost of
production and easy maintenance.

Design Analysis
Determination of Volume and Weight
Capacity of the Peeling Drum

The volume capacity of the peel-
ing unit, Vd depends on the radius
of the drum which is limited by the
sticking speed condition, quantity of
cassava to be loaded per batch con-

Fig. 2 Modified cassava attrition peeling machine

1. Structural Frame, 2. Peeling drum, 3. Discharge pipe, 4. Shaft, 5. Bearing, 6. Water bath
(trough), 7. Covering hood, 8. Electric motor, 9. pulley, 10. Motor shaft, 11. Loading cover, 12.

Hinges, 13.Belt, 14. Discharge spout

sidering head space and as well the
volume occupied by the shaft. Thus
with head space of 20%, the volume
capacity of the drum is calculated to
be 0.18 m® using Equation (2).

V, = nl (0.8r2 — 1.2) @

where,

| = length of drum, m

rd = radius of drum, m

rs = radius of shaft, m

The effective weight capacity of
the peeling unit, WT, was approxi-
mated to be 1500 N which was de-
termined from the addition of maxi-
mum weight of cassava per batch
(1000 N), weight of drum, W,, (405
N) and estimated weight of peeling
balls (0.5 N each) of 75 N.

Mass of the drum is given as:

Md = 2mr,ltp, 2

where,

t = thickness of drum, mm

p. = density of aluminum, kg/m?®

In order to obtain 405 N as weight
of drum, t = 10 mm, p, = 2,830 kg/
m3

Selection of Pulleys and Belts

In peeling systems, increase in
speed increases peeling efficiency
but also increases tuber flesh loss
and mechanical damage. Accord-
ing to Ezekwe (1979) and Odigboh
(1983a), speed not more than 50
rpm is required in abrasive peeling
of cassava and therefore maximum
speed required is restricted by the
sticking speed. Thus, the maximum
speed of drum, Nd, selected for the
design of the peeler was determined
to be 49 rpm from sticking speed
given by Ezekwe (1979) as:

oy =( ©)

where,

® = angular velocity of the drum,
rads?

ry = radius of the peeling drum, m
g = acceleration due to gravity, 10
m/s?

A gear electric motor of 1,440
rpm input speed rating having a re-
duction ratio of 1.8 together with 50
mm and 184 mm diameter pulleys
were selected. Equation (4) given by
Sharma and Aggarwal (2006) and
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Khurmi and Gupta (2005) was used
for obtaining the required speed of
the peeling drum. Pulleys of larger
diameters are required by this ma-
chine to obtain lower speeds during
test run. Due to its availability, cost
and performance, mild steel pulleys
were selected

VR=N,/N,=D,/D, @)

where,

N, = speed of the driving pulley,

rpm

N, = speed of the driven pulley,

rpm

D, = diameter of the driving pul-

ley, mm
D, = diameter of the driven pul-
ley, mm

The design centre distance C,
between the pulleys of the drive
(electric motor/ drive shaft) is de-
termined from the formula given by
(Sharma et al., 2006; Khurmi et al.,
2005) as:

C=(D,+D,)/2+D, 5)

C was obtained as 260 mm using
Equation (5).

Thus the design length of the belt
was computed as 905mm from the
formula given by (Sharma and Ag-
garwal, 2006; Khurmi and Gupta,
2005) as:

L =2C + 157(D, + D) + (D, -

D)?/4C 6)

Since it is assumed that the drive
transmits more than 3.75 kW, a
type “B” V-belt was selected for
the drive. According to IS: 2494-
1974 standards, a V-belt of standard
pitch length of 925 mm was selected
as the minimum belt length for the
drive. Consequently, the exact cen-

ter distance between the pulleys in
the drive was determined as 266
mm using Equation (6).

The angle of lap, (8), of the drive
was computed as 150° (2.62 rad) us-
ing Equation (7).

0 =180 — [2sin? (D, — Dy) / 2C)]

()

The belt speed was determined as
0.47 m/s using Equation (8)

V=n(N,D,) /60 €)]

The coefficient of friction, p, be-
tween the belt and pulley, maximum
safe stress, 6, mass per unit length,
m and the cross sectional area, a,
of the belts were obtained from IS:
2494-1974 standards (Khurmi and
Gupta, 2005) as 0.3, 2.1 N/mm?,
0.144 kg/m and 140 mm? respec-
tively.

Tension on the tight side, T, of the
belt was determined as 294 N using
Equation (9).

Tl = Tmax - T (9)
Thax =02 (10)
T, = mv? 1)
where,

Trax = Maximum tension of the
belts, N

T, = centrifugal tension, N

Thereafter, the slack side tension,
T, was determined as 26.22 N using
the expression given by Khurmi and
Gupta (2005) as:

2.3log (T, / T,)=pe cosec p (12)

where,

2 = the groove angle 38°, = 19°

Selection of Drive Shaft

The shaft diameter, d of the peel-
ing drum, was determined using
the expression given by (Sharma

and Aggarwal (2006); Khurmi and
Gupta, 2005) as:
d = [16/mt (WK Mp)? + (KMY) 2
13)
where;

T = Allowable Shear Stress for
steel shaft with provision for
key ways, 42 MPa

M, = Maximum bending moment
on the shaft, N-m

M, = Maximum Twisting Moment
on the shaft, N-m.

K, = Combined shock and fatigue
factor for bending (= 2).

K, = Combined shock and fatigue
factor for twisting (= 1.5).

Equation (13) is also known as
ASME CODE for determination of
standard shaft diameter.

The maximum twisting moment,
M, was determined as 24.64 N-m
using Equation (14) given by Khur-
mi and Gupta (2005).

M= (T, —T,) (D,/2) (14)

where,

T, = Tension on the tight side, N

T, = Tension on the slack side, N

D, = diameter of the driven pul-
ley, m.

Bending moments occur on the
shafts as a result of applied loads
and belt tension. Thus, evaluation of
the shear force, maximum bending
moment and shaft selection was car-
ried out using Beamboy software.
Figs. 3 and 4 show the free body
diagram of the applied loads and
belt tensions on the peeling drum
shaft and bending moment diagram,
respectively.

Maximum Bending moment as
revealed from the plots was found to

Fig. 3 Free body diagram of applied loads and belt tension
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be 373 Nm at 0.51 m from left sup-
port. Shaft diameter was determined
as 44.91 mm using Equation (14).
Hence standard shaft diameter of 45
mm and the corresponding bearing
number of 409 were selected.

Determination of Power Consump-
tion and Selection of Prime Mover

The total power, P, required in
powering the modified cassava at-
trition peeler as given by Equation
(15), comprises of the power at no
load, P,, power at maximum load,
P, and power consumed by the wave
motion of water in the bath, P,. P,
was determined as 251.71 W from
Equation (16), P, as 705 W from
Equation (17) and P; as 599.25 W
(assumed to be 85% of P,).

P;=P,+P,+P, (15)
P,=(T,—-T)vxn (16)
where,

n is number of v-belt used = 2,

P, = W;v ()]

Therefore, the power required
to drive this machine at maximum
capacity and factor of safety of 1.5
was determined to be 2.23 kW (2.99
hp). Hence, a gear electric motor of
3 hp will be suitable to power the
cassava peeler.

Determination of Surface Area of
the Peeling Ball
In attrition peeling, inner surface

of the drum and the surface pre-
sented by the balls constitute the
abrasive surfaces for the removal of
the softer material (cassava peels).
Shape of the ball was investigated to
be a critical factor for effective peel-
ing. Egg shaped balls were designed
to replace the spherical balls previ-
ously used in the existing machine.
The surface area of an egg shaped
peeling ball (Fig. 5) was approxi-
mated as 0.21 m? using the expres-
sion given by www.had2know.com
as:

S,, = 2mA2 + 1A [B? / \(B? — A2)
cos(A/B) + (C2NC? — A?) cos?
(AC) ] (18)

where, A, B and C are the equato-

rial, short polar and long polar ra-
dius, respectively. Given that A = 2
cm,B=22cmand C =3.2cm. For
number of peeling balls n, Equation
(18) is multiplied by n,,.

Operation of the Machine

The peeling drum of the modified
machine was provided with a hinged
feeding gate of 400 mm x 300 mm
along the length and discharge gate
(slit) at one end. To provide mechan-
ical strength against the twisting
moment, the drum was reinforced
outside with mild steel webbed plate
and the whole assembly mounted
with two outboard bearings on the
structural frame. The peeling unit

Fig. 4 Bending moment diagram

is partially submerged in a semi-cy-
lindrical tank (serving as water bath
and discharge unit) of diameter 500
mm and length 1,050 mm welded to
a structural stand, both made from 3
mm and 5 mm thick mild steel sheet
and angular bar, respectively. The
trough/housing is partitioned into
two such that one partition serves
as water bath during peeling opera-
tion and with a blow hole beneath
discharges water and cassava peels
(flake) after peeling while the other
partition serves as peeled cassava
evacuation chamber and discharge
spout. The scooping mechanism
provided on the shaft helps to scoop
the cassava from the evacuation
chamber through the discharge
spout thereby eliminating the hu-
man intervention in evacuation. A
5 hp gear electric motor is mounted
beneath the housing. The motor
drives the peeling unit by means of
a belt and pulley drive. The speed
of the machine is varied by chang-
ing the pulley size. In the attrition
peeler, peeling effects is enhanced
by the introduction of peeling balls
of high frictional properties. Shape
of the ball was investigated to be a
critical factor for effective peeling.
Egg shaped balls were designed to
replace the rounded cylindrical balls
previously used in the existing ma-
chine. By carrying out a simple test
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on the two different shapes of balls
using the same operating condi-
tion, results revealed a slight higher
peeling efficiency. The implication
was that the narrower (needle like)
ends of the balls made better con-
tacts with the pronounced recessed
portion of the cassava tubers. The
peeling balls were produced from
expanded mild steel sheet.

When the machine is on operation
a known mass of cassava of precise
weight are loaded into the machine
through the gate into the peeling
drum. The machine is energized
through the prime mover causing a
rotational motion of the drum. The
egg shaped peeling balls together
with the embossed inner surface
of the drum causes the uniform
wearing of the cassava peel. Be-
ing a batch process operation, the
cylindrical peeling drums impacts
rotational motion on the balls freely
mixed with the cassava and conse-
quently creating tumbling effect in
the drum that gives random relative
motion hence affecting the peeling
process. The egg shape of the balls
make it possible for depressions
on the surface of the cassava to be
engaged while the breaker baffles
breaks the uniform angular speed
which the loaded cassava attains
at critical speed and this increases
agitation, extending critical speed
hence more peeling effect. Material
removed from the surface of the cas-
sava by abrasion, which has the form
of flake and also tiny particles in
pulpy matter, sinks through the per-
foration of the drum to the bottom of
the housing trough serving as water
bath and also prevents the clogging

of nibbler balls. At the end of each
peeling operation, the peeled cassa-
va and peeling balls were evacuated
into the evacuation chamber where
the peeled cassava tubers are col-
lected while the balls are recovered
for next batch operation.

Performance Evaluation

The modified cassava attrition
peeling machine was evaluated and
had its result compared with an
existing machine. Three cassava
varieties, UMUCAS 36, TMS 30572
and TME 419 used were procured
from National Root Crop Research
Institute farm, Umudike, Abia State
of Nigeria. In the experimental plan,
the throughput, TP (kg/h) and ef-
ficiency, n (%) of the machine were
studied using five experimental runs
for freshly harvested cassava variet-
ies having moisture content ranging
from 60 to 85% w.b with the peel-
ing drum speed for both machines
maintained at 40 rpm. The peeling
balls of the existing version was
spherical while the peeling balls for
the modified version was egg shaped
and the number of peeling balls was
kept constant at 250. In each of the
test trial, a stop watch was used to
monitor the time of peeling 20-50
kg of cassava tubers, after which
the output (peeled cassava) were
weighed and recorded. Thereaf-
ter, tuber flesh loss (the amount of
starchy flesh removed alongside the
peels during peeling), the through-
put (total mass of cassava peeled
and discharged by the machine per
unit time), TP (kg/h) and efficiency
(the ratio of the total mass of peel
by the machine to mass of manual

Table 1 Results of performance test of modified cassava attrition peeling machine

peel), n (%) of the machine were
determined from the data obtained
using the following expressions:

FI = Mc - (mcp + mpt) (19)

N = Mye / (M, + M, x 100/1
(20)

TP=M,/t 1)

where, M, is the mass of the
loaded cassava (kg), m,, is the mass
of the peeled cassava (kg), m,, = (¢
(m/V)Dy? Py) is the theoretical mass
of peel (kg), Py, is the peel thick-
ness of the cassava (m) and D, is
the geometric mean diameter (m),
¢ is the sphericity, M, and M,, are
the weight of peel (kg) collected
through the peel outlet of machine
and weight of peel removed by hand
after machine peeling (kg), tis Time
taken (s).

Specific energy of consumption
of the modified machine which is
quantity of energy used to peel a
unit mass of cassava fed into it was
also determined using Equation
(22).

SE=P,/ M, (22)

where, P is Power consumed by
the electric motor in kKW

Data obtained were comparatively
analyzed using Analysis of Variance
(ANOVA)

Finally, the benefits in adopting
the improved cassava attrition peel-
ing machine was also evaluated us-
ing the time taken to complete batch
peeling process, amount charged for
peeling in the various techniques,
the average price per kg for peel-
ing batch cassava mass, throughput
capacity for the various batch mass
of cassava and the total energy cost.
Energy cost savings was evaluated
using Equation (23).

S/N Mass of Peeling time | Mass of peeled | Mass of peel |Percentage tuber| Throughput Peeling
Exp. unpeeled cassava flesh loss Capacity Efficiency
Runs | cassava (kg) (mins) (kg) (kg) (%) (kg/h) (%)

1 25 15 18.56 5.32 45 100 78

2 30 15 21.09 7.20 5.7 120 73

3 35 18 26.71 7.31 2.8 116.7 80

4 40 20 27.76 9.12 7.8 120 71

5 45 21 33.81 11.89 8.6 142 75
Mean 36 175 25.59 8.17 5.88 119 75.4
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Fig. 5 Peeling ball profile

ECS= (TECprodalManual - TECMCAPM)
/TECproda/Manual X 100 (23)
where, TEC = Total energy cost

Results and Discussion

The results of the performance
test (Table 1) showed that the
machine performed above 75% ef-
ficiency. The results also indicated
119 kg/h as the average throughput
of the modified cassava attrition
peeling machine at 5.88% tuber
flesh loss.

The results of the comparative
evaluation of the modified ma-
chine, existing machine and manual
method in cassava peeling is shown
in Table 2. Evident from this table,
it can be deduced that there was an
improvement in the modified cas-
sava attrition peeling machine as
compared to the existing version.
The average peeling efficiency of
the modified machine increased to
75.4% as compared to the existing
version which recorded an average
peeling efficiency of 62%. However
this peeling efficiency falls short
when compared to the manual peel-
ing process which has remained

most efficient based on the expertise
of the manual peeler.

The increase in the efficiency of
the modified machine was attributed
to the optimal design settings used
in its fabrication and the use of egg
shaped peeling/ nibbling balls which
is in contrast with the spherical balls
used in the existing machine. The
irregularities in shape of the cas-
sava varieties necessitated the design
of an egg shaped peeling/nibbling
balls. These nibbling balls increased
the attrition force on the surface of
the cassava peel especially in the
recessed regions enhancing peeling
action. Also, the manual peeling pro-
cess is constrained to the expertise of
the operator (peeler) and the modi-
fied machine ability to peel cassava
of different physical composition
without initial sorting and/or cutting
to size is a great advantage over ex-
isting cassava peeling technologies.
The manual peeling process had the
least mass of peel as compared to
the attrition machines. Increase in
the mass of peel of the attrition ma-
chines can be attributed to the pres-
ence of cassava flesh in the peel mass
and this is evident in the percentage
increase in tuber flesh loss using the
attrition peeling machines. Yet the
modified machine performed better
and reduced percentage tuber flesh
loss associated with the existing ma-
chine significantly from 16.66% to
5.88%. Although Oluwole and Adio
(2013), Ukenna and Okechukwu
(2014) reported lower tuber flesh loss
of 5.09% and 5%, respectively. These
lower tuber flesh losses were of no
significant difference with that of the

Table 2 Evaluation result of modified machine with existing technologies

modified machine compared to huge
advantage of pre-operational treat-
ment eliminated.

Table 3 shows the relationship
between throughput in the manual
peeling process and the mechanized
process. Irrespective of the high
peeling efficiency of the manual
process as shown in Table 2, it
was observed in Table 3 that the
throughput capacity for the manual
peeling process was very low when
compared to the machines owing to
much processing time required. It
was also observed from Table 3 that
as the mass of cassava increased,
the throughput of the manual peel-
ing process reduced. This can be
attributed to the fact that the time
taken in the manual peeling process
increased as the mass of cassava
increased. Also, drudgery sets in
when the person handling the man-
ual peeler gradually gets exhausted
in the peeling process, due to tired-
ness and muscle cramps. Intermit-
tently, the peeler takes some time to
relax and regain its strength before
continuing the peeling process. All
these period of exhaustion non-pro-
ductively reduces the throughput ca-
pacity of the peeler. Hence, for large
scale process, the use of the modi-
fied machine is recommended as
there is no drudgery associated with
it and also, the modified machine
has a throughput capacity greater
than the existing machine. This im-
provement was as a result of the less
processing time from 30.6 minutes/
batch associated with existing ma-
chine to 17.5 minutes/batch (42.3%
peeling time recovery) occasioned

MANUAL EXISTING MACHINE MODIFIED MACHINE
S/N | Mass of - - -
Exp. | cassava Mass of |Percentage| Peeling Mass of |Percentage | Peeling Mass of |Percentage| Peeling
RUNS (kg) cassava | tuber flesh | Efficiency | cassava | tuber flesh | Efficiency | cassava | tuber flesh | Efficiency
(ka) loss (%) (%) (kg) loss (%) (%) (kg) loss (%) (%)

1 25 4.20 2 98 7.50 13 63 5.32 4.5 70

2 30 5.49 3 99 11.20 19 65 7.20 5.7 73

3 35 6.44 0.8 98 13.10 19.2 60 7.31 2,8 80

4 40 9.55 4 97 13.94 19.8 62 9.12 7.8 71

5 45 6.34 2 99 15.70 12.3 60 11.89 8.6 75
Mean 36 6.34 0.8 98.2 12.29 16.66 62 8.17 5.88 75.4
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by the modifications considered in
the deign process.

Table 4 shows the cost benefit
evaluation at ¥6.25/kg, :8.33/kg
and N25/kg as prevalent processing
cost for modified cassava attrition
peeling machine, existing machine
and manual peeling process, respec-
tively. Specific energy consumption
of the existing and modified cassava
attrition peeling machine were also
determined as 65 kJ/kg and 57 kJ/
kg, respectively.

Since the peeling machines are
both powered by an electric mo-
tor, the cost of generated electricity
must be taken into consideration to
determine the energy cost of using
the machines. Electrical cost from
the national grid used to power the
machines at the rate of ¥43 per kWh
while energy cost for the manual
peeler was considered as his wages
per batch mass of cassava.

The benefit cost analysis as shown
in Table 4 reveals a decrease in the
total energy cost in using the modi-
fied cassava attrition peeling ma-
chine as compared to the existing
version and manual peeling process.
In addition to its increased through-
put capacity, the modified cassava
attrition peeling machine performed
optimally well with 12% and 69%
energy cost savings recorded for the
existing and manual peeling pro-
cess, respectively.

Conclusions and Recom-
mendations

The substitution of rounded cylin-
drical balls with egg shaped balls,

together with the introduction of
breaker baffles and peeling drum
inner surface perforation (emboss-
ment) in mechanized cassava attri-
tion peeling improved cassava peel-
ing by eliminating drudgery of pre-
operational treatment and excessive
loss of tuber flesh even at minimal
specific energy consumption. The
machine recorded an efficiency of
75.4%, throughput of 119 kg/h, flesh
loss of 5.88% and specific energy
consumption of 57.1 kJ/kg. Process-
ing time of 17.5 min/batch and cost
of N6.25/kg resulted in 42.3% and
25% improvement, respectively. It is
therefore recommended, that since
peeling constitutes the major bottle
neck in cassava processing, attrition
peeling mechanism should be main-
tained in the design of any cassava
peeling systems to eliminate drudg-
ery of pre-peeling operations. Gov-
ernment and other agencies should
grant loan to farmer to immediately
adopt this important innovation
for the mass production of cassava
products to meet with the growing
demand of the Nigerian industries
for export.
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Abstract

Millets, nutritious small cereal
grains with enormous health ben-
efits, are grown across the world for
food and fodder. Due to the typical
structure, hardness and small size of
grains, dehusking of millets has re-
mained as a constraint. The present
investigation deals with the perfor-
mance evaluation of a low cost table
top centrifugal dehuller that was
developed. Dehulling experiments
were conducted for five millets
viz. foxtail, little, proso, kodo, and
barnyard millets at three moisture
contents (11.1, 13.6 & 16.2% db),
and three dehulling speeds (5,000,
5,500 & 6,000 rpm). The moisture
content of grains had a significant
effect on dehulling performance
compared to dehulling speed which

had less or negligible effect at times.
The highest average dehulling ef-
ficiency obtained for foxtail, little
and proso millets was 92.7, 91 and
93.5%, respectively, with 13.6% (db)
grain moisture content and a dehull-
ing speed of 5,500 rpm. For kodo
and barnyard millets, the highest
average dehulling efficiency was
80.9% and 74.4%, respectively at
11.1% (db) moisture content and a
dehulling speed of 6,000 rpm. For
the same experimental combina-
tion, the percentage of broken was
less than 5% for foxtail, little and
proso millets, while for kodo and
barnyard millets, it was 5.7 and
9.2%, respectively. The average un-
dehulled grain percentage for fox-
tail, little, proso, kodo and barnyard
was 2.4, 5.7, 2.3, 14.2 and 18.1%,
respectively. The approximate cost

for converting one kg of millet in to
rice is about INR 0.97 ($0.01).

Keywords: millets, dehulling, de-
husking, foxtail, proso, centrifugal
dehuller

Introduction

Millets are known for their nu-
tritional and health benefits from
time immemorial, hence they are
also called as nutri-cereals. Millets
are found to be the best alternative
to the most commonly used cere-
als, due to their special biochemi-
cal composition superior to rice
and wheat in certain constituents.
Therefore, millets have proved
to have potential health benefits
such as preventing cancer, cardio-
vascular diseases, reducing tumour
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incidence, lowering blood pressure,
cholesterol, fat absorption and re-
ducing gastro-intestinal problems,
etc. (Salehet al., 2013). The demand
for millets by urban population is
increasing significantly in the recent
years, since these grains , owing to
their low glycemic index, release
glucose slowly in the blood and re-
duce the glucose absorption which
prevents and maintains diabetes
mellitus (ADA, 2005; Shobanaet al.,
2009; Kim et al., 2011). Though mil-
let possess several health benefits,
few plausible reasons like lack of
technical know-how about process-
ing methods, lack of awareness
about nutritive value, reluctance
among people to buy and consume,
and lack of appropriate process-
ing machinery, have made them
less popular and has contributed
to their poor availability. Owing to
the absence of appropriate primary
processing technology particularly
for dehulling, the production and
processing of small millets has re-
mained a constraint. For the past
few decades, continuous efforts
have been made to develop efficient
dehulling machineries. The produc-
tion and consumption of millets has
declined because dehulling is a dif-
ficult task, due to their small grain

Fig. 1 Table top centrifugal dehuller
for small millets dehulling

1. Hopper; 2. Feed controller; 3. Dehulling
drum; 4. Husk separation chamber; 5. Rice
outlet; 6. Husk outlet; 7. Belt & Pulley drive
connected to motor

size, and the husk sticking tightly
to the grain within. Traditionally
at household level, dehulling was
performed using a stone grinder,
pounding with a wooden staff,
while at large scale, stone mills and
carborundum rollers were used.
Later, improved machineries such
as beating cylinders, hammer mills,
abrasive stone hullers, and rubber
roll hullers were developed. At pres-
ent, centrifugal dehuller is the most
efficient small millet dehuller of the
21st Century.

Millets being a staple food and
consumed at household levels, pro-
cessing must be considered both
at traditional and industrial levels,
involving small, medium and large-
scale entrepreneurs. A small to
medium size entrepreneur or a fam-
ily has to dehull small quantities of
millets to meet domestic needs by
processing about 5-10 kg of millets
per batch. Thus, the existing large
scale centrifugal dehullers are of
unmatched capacity, and cost more
than INR 100,000 ($1,470) which
makes them unaffordable for a fam-
ily or small scale processors. Under
these conditions, a small capacity
(5-10 kg/h), low-priced table-top ap-
paratus would be more ideal need of
the hour which would enhance the
millets consumption tremendously.
Considering these aspects, a study
was undertaken to develop a low
cost and small capacity table-top
centrifugal dehuller to dehull the
most commonly grown millets in
India. The details of the dehuller are
being published elsewhere.

Materials and Methods

Sample Preparation

Five commonly grown millet va-
rieties in India viz. foxtail (Setaria
italica), little (Panicum sumatrense),
proso (Panicum miliaceum), kodo
(Paspalum scrobiculatum L.), and
barnyard (Paspalum scrobiculatum)
were procured from All India Coor-
dinated Research Project on Small

Millets Centre, University of Agri-
cultural Sciences, Bengaluru. The
most commonly grown millets vari-
ety of foxtail (var. HMT 100-1), lit-
tle (var. OLM-36), proso (var. GPU-
21), kodo (var. JK-13), and barnyard
(var. RAU-11) in south India were
selected for this investigation. The
millet grains were hand-cleaned and
conditioned to three different mois-
ture levels on dry basis, the mois-
ture content values proposed for the
study were 11.1%, 13.6%, and 16.2%
(d.b). To obtain predetermined mois-
ture levels, a pre-calculated amount
of distilled water was added to the
grains, followed by sealing the
grains in polythene bags and stored
at 7°C for about 72 h (NanjeGow-
daet al., 2015).

Developed Table-top Centrifugal
Dehulling Machine

The table top centrifugal dehuller
(Fig. 1, developed at All India Co-
ordinated Research Project on Post-
Harvest Engineering & Technology,
University of Agricultural Sciences,
Bengaluru, India) has a dehulling
capacity of 6-8 kg/h (depending
upon grains), total weight 32.2 kg
(without motor), and one labour,
was used for dehulling studies. The
developed dehuller mainly consists
of a hopper with feed controller, de-
hulling drum, centrifugal impellor,
husk separating chamber, centrifu-
gal blower (8.5 m¥min) with airflow
rate control value, one single phase
1HP motor of 2,880 rpm, and pulley
& v-belt driving mechanism. The
dehulling took place due to simulta-
neous action of impact and centrifu-
gal forces. Three types of impellor
vane designs each with 3-vanes
fixed at three different angles were
evaluated in preliminary studies.
Based upon preliminary study re-
sults, the optimised impellor setting
was fixed for conducting the present
study. In addition, the feed rate of
millet grains was adjusted between
6.0-6.5 kg per hour for dehulling
studies of all five millet grains.
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Dehulling Procedure
In each experiment, about 200g of
millets conditioned to three differ-
ent moisture contents were dehulled
in triplicates. The dehulled samples
were segregated into: whole kernels
(M,), broken grains (M,), and un-
dehulled grains (M,). The term “bro-
ken” in the Eq. 2 refers to milled
rice fraction retained over 0.85 mm
sieve. The dehulling efficiency (DE,
%) and percent of broken (B, %)
were calculated using Eqg.1 and Eq.2

(Singh et al., 2009) as:
DE (%) = [1 = (M/M)] x [1 -
(M,/M)] x 100 @
B (%) = (M,/M) x 100 )
where, M, = Total mass of grains

taken for de-hulling, g.

Design of Experiments

RSM was employed to study the
effect of each experimental variable
(initial moisture content and impel-

lor speed) on dehulling parameters
using Design Expert 7.0.0 software.
Three level factorial designs were
used to test significant difference
between the samples. For each ex-
perimental variable, the centre and
range values were based on the re-
sults of preliminary trials.

Results and Discussion

Dehulling of Foxtail Millet at Dif-
ferent Initial Moisture Contents
and Impellor Speeds

It was evident that the effect of
initial moisture content was sig-
nificant (p < 0.001) on dehulling ef-
ficiency of foxtail millet, compared
to the effect of impellor speed which
had leasteffect. However, the inter-
action of these factors was also non-
significant (Table 1). The average
dehulling efficiency was found to

increase from 87% to 92.6% with
decreased moisture content from
16.2 to 13.6% (d.b.). With further
decrease in moisture content up to
11.1% (d.b.) the dehulling efficiency
decreased to 89.9% at various im-
pellor speeds (Fig. 2a). The mois-
ture content of grains had significant
(p < 0.001) effect on broken fraction
compared to impellor speed which
had little effect, as shown in Figure
2b. The average highest dehulling
efficiency (92.8%) of foxtail mil-
let was obtained when 13.6% (d.b.)
moisture content grains were dehu-
lled at 5,500 rpm, with less than 5%
brokens (Fig. 2a). The centrifugal
dehuller developed by Ganesan and
Varadharaju, (2013) offered a dehu-
Iling efficiency of 87.5% with less
than 5% broken for foxtail millet
having 12% (d.b.) moisture content
and dehulled at peripheral speed of
47.29 ms* and required the grains

Fig. 2a & 2b Response surface contours for dehulling efficiency (a) and broken percentage (b) of foxtail millet as a function of
moisture content and impellor speed. For each contour plots, the third variable is fixed at ‘0’ level

(@)

(b)

Fig. 3a & 3b Response surface contours for dehulling efficiency (a) and broken percentage (b) of little millet as a function of
moisture content and impellor speed. For each contour plots, the third variable is fixed at ‘0’ level

(a)

(b)
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Table 1 Processing time and throughput capacities of peeling technologies

Source ssquurgr?; df S'\élﬁgpe F Value p-value
Model 6,892.85 | 17 405.46 122.82  0.0001****
A-Moisture content 316.17 | 1 316.17 95.77  0.0001****
B-Impellor speed 081 1 0.81 0.25 0.6222
C-Millets 6,359.49 | 4 1,589.87 481.58 0.0001****
AB 183 1 1.83 0.56 0.4597
AC 11780 | 4 29.45 8.92  0.0001****
BC 410 | 4 1.02 0.31 0.8698
A2 7103 | 1 71.03 21.52 0.0001****
B2 118 | 1 1.18 0.36 0.5523
Residual 155.16 | 47 3.30
Lack of Fit 153.94 | 27 570 | Std. Dev 1.82
Pure Error 122 | 20 0.061 Mean 82.72
Correlation Total 7048.01 | 64 C.V (%) 2.20

*p <0.05, significant; **p < 0.01, significant; ***p < 0.001, significant; ****p <

0.0001, significant

to undergo two passes for dehulling.
Nevertheless, the table-top centrifu-
gal dehuller reported in the present
study found to offernearly 5% high-
er dehulling efficiency under single
pass for foxtail millet. This might
be due to the vane design and vane
angle used in the impellor offered an
effective dehulling of millets.

Dehulling of Little Millet at Dif-
ferent Initial Moisture Contents
and Impellor Speeds

Fig. 3a & 3b shows the effect of
initial moisture content and impellor
speed on dehulling efficiency and
percentage broken for little millet,
respectively. The effect of moisture
content was found to be significant
(p < 0.001), compared to the impel-
lor speed on dehulling efficiency and

broken percentage for little millet
(Table 1). The increase in moisture
content from 11.1 to 13.6% (d.b.)
showed an increase in dehulling ef-
ficiency of little millet from 89.6%
to 91% and then gradually deceased
to 83.8% at a fixed impellor speed
of 5,500 rpm (Fig. 3a). The poly-
nomial behaviour of dehulling effi-
ciency with decreased moisture con-
tent beyond 13.6% (d.b.) and with
increased impellor speed beyond
5,500 rpm was because of formation
of more broken at lower moisture
level and at higher impellor speed.
Similarly, an increase in moisture
content from 11.1% to 16.2% (d.b.)
decreased the formation of broken
from 6% to 3%, respectively (Fig.
3b). Therefore, when foxtail millet
with 13.6% (d.b.) moisture content

was dehulled at 5,500 rpm, it result-
ed in a highest dehulling efficiency
of 91% with minimum broken of
3.5%. Increase in broken percent-
age with increased impellor speed
and decreased moisture content
is expected since at low moisture,
grains tends to be more hard and are
subject to high impact force under
higher dehulling speed. The highest
dehulling efficiency (91.3%) of little
millet reported in the present study
was 4.6% higher than the dehulling
efficiency obtained with the dehuller
developed by Ganesan and Varad-
haraju, (2013). It is reported that
about 86.75% dehulling efficiency
with less than 5% broken were ob-
tained when little mille twith 12%
(d.b.) moisture content was dehulled
at a peripheral speed of 47.29 ms?,
with two passes.

Dehulling of Proso Millet at Dif-
ferent Initial Moisture Contents
and Impellor Speeds

Similar to the dehulling of foxtail
and little millet, dehulling efficiency
and broken percentage of proso mil-
let was significantly (p < 0.001) ef-
fected by moisture content of grains,
followed by impellor speed (Table
1). During dehulling of proso mil-
let, the average dehulling efficiency
was found to increase from 87.8%
to 93.5% with decreased moisture
content from 16.2 to 13.6% (d.b.). A
further decrease in moisture content
to 11.1% (d.b.) the dehulling effi-

Fig. 4a & 4b Response surface contours for dehulling efficiency (a) and broken percentage (b) of proso millet as a function of
moisture content and impellor speed. For each contour plots, the third variable is fixed at ‘0’ level

(a)

(b)
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ciency was found to decrease drasti-
cally to 89.5% as shown in Fig. 4a.
The average broken percentage of
proso millet was found to increase
drastically from 3.4% to 9.0% with
increased impellor speed (5,000 to
6,000 rpm) and decreased moisture
content (16.2% to 11.1% d.b.), as
shown is Fig. 4b. The best com-
bination of variables that resulted

Fig. 5a, 5b & 5c Response surface contours for dehulling
efficiency (5a), un-dehulled percentage (5b) and broken
percentage (5¢) of kodo millet as a function of moisture content
and impellor speed. For each contour plots, the third variable is

fixed at ‘0’ level

(@)

highest dehulling efficiency (93.5%)
for proso millet was when grains
with 13.6% (d.b.) moisture content
dehulled at impellor speed of 5,500
rpm. Under the same experimental
condition, the broken percentage
(4.3%) recorded was under accept-
able range.

Dehulling of Kodo Millet at Dif-
ferent Initial Moisture Contents
and Impellor Speeds

Unlike in dehulling of foxtail,
little and proso millets, the average
dehulling efficiency of kodo mil-
let at different speeds was found to
increase linearly from 71.1 to 80.2%
with decrease in moisture content
from 16.2-11.1% (d.b.) as shown in

Fig. 6a, 6b & 6c Response surface contours for dehulling
efficiency (6a), un-dehulled percentage (6b) and broken
percentage (6¢) of barnyard millet as a function of moisture
content and impellor speed. For each contour plots, the third

variable is fixed at ‘0’ level

(@]
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Fig. 5a. Though the moisture con-
tent had a significant (p < 0.001)
effect on dehulling of kodo millet,
the overall dehulling efficiency
obtained was not on par with other
grains. As the average dehulling
efficiency of kodo millets obtained
at a moisture content of 11.1% (d.b.)
was about 80.5%, and was slightly
less than the acceptable range (Fig.
5a). The impellor speed did not
show any significant effect on dehu-
lling efficiency, this was due to the
fact that kodo millet is known to be
enclosed by multiple layers of husk
andis very hard to break, which may
require appropriate pre-treatments
for effective dehulling. Nearly about
26%, 18.6% and 15.2% of kodo
grains were un-dehulled at 16.2%,
13.6% and 11.1% (d.b.) moisture
content, respectively (Fig. 5b). Con-
sequently, the average broken per-
centage of 3.9, 4.2 and 5.4 % were
observed at 16.2%, 13.6% and 11.1%
(d.b)) moisture contents (Fig. 5c). In
the present study, both the broken
and un-dehulled fractions together
had an adverse effect on decreas-
ing the dehulling efficiency of kodo
millet. Therefore, hydrothermal
treatments like parboiling or steam-
ing may play a vital role in dehull-
ing of kodo millet for complete
removal of husk and reducing the
broken and un-dehulled fractions.
Shrestha, (1972) and Chandi and
Annor, (2016) have reported that
parboiling helps in easy dehusking
of kodo millet. Varadharaju and Ga-
nesan, (2013) have also reported an
increase in dehulling efficiency of
21.8-27.5% forkodo millet subjected
to hydrothermal treatment at differ-
ent levels of soaking temperature,
soaking time and steaming periods.

Dehulling of Barnyard Millet at
Different Initial Moisture Con-
tents and Impellor Speeds

In comparison with dehulling
of foxtail, little, proso, and kodo
millets, the dehulling efficiency of
barnyard millet was found to be
the lowest among other grains. The

dehulling efficiency as affected by
moisture content and impellor speed
is shown in Fig. 6a. Both the mois-
ture content and impellor speed had
an insignificant effect on dehulling
of barnyard millet. The average
highest dehulling efficiency varied
between 73.6 to 74.4% for barnyard
millets at 11.1% (d.b.) moisture con-
tent and dehulled at different speeds.
However, on the other had the de-
hulling of grains with 11.1% (d.b.)
moisture content resulted in about
9-10% broken and about 18-19.2%
of un-dehulled grains (Fig. 6b &
6¢). The poor dehulling efficiency of
barnyard millet was because of the
tight bond between outer husk and
the kernel (rice). It was found that,
unlike kodo millet the barnyard
millet may also require some pre-
treatment like hydrothermal treat-
ment in order to loosen the outer
husk and enhance the kernel separa-
tion. In addition, the study suggests
that, centrifugal or impact dehulling
principle may not be an appropri-
ate mechanism for dehulling of
barnyard millet. This is because,
the husk of barnyard millet is not
as thick and hard as other millets,
and thus any application of higher
impact force would cause damage
to the kernel and would in turn re-
sults in higher broken and powder
fractions. Therefore, dehulling of
barnyard millet using abrasive or
frictional type hullers might be an
appropriate method, which was not
tested in present study. Neverthe-
less, an appropriate pre-treatment
before dehusking of barnyard millet
in a centrifugal dehuller may also
improve the dehulling performance,
which was not tested. Varadharaju
and Ganesan, (2013) have also
reported that barnyard millet sub-
jected to hydrothermal treatment
at different temperature, soaking
time, and steaming period increased
the dehulling efficiency by about
20.8-26.2% compared to untreated
grains.

Cost Economics

The capacity of the table-top cen-
trifugal dehuller was found to vary
between 6-8 kg/h depending upon
the type of millet dehusked. The to-
tal cost of developed dehuller is less
than 25,000 rupees (370%) per unit.
The cost involved in processing one
kg of millet grains into rice was ap-
proximately rupees 0.97 (0.01$) and
the operating cost of machine was
around 5.81 rupees (0.09%) per hour.

Conclusions

The developed small scale dull-
ing unit hasa capacity of about 6-8
kg/h can be effectively used by
small scale entrepreneurs, SHGs
of women, and at households. The
availability of appropriate low-cost
dehulling machinery may enhance
the business opportunities of up-
coming entrepreneurs and increase
the millet consumption. The tested
dehuller can be used for efficient de-
hulling of foxtail, little, proso mil-
lets (single pass), kodo and barnyard
millets (multi pass), provided that
the grains have a moisture content
of less than 13.6% (d.b.) during de-
hulling. The dehuller performs si-
multaneous operations of dehusking
and husk separation by single pass
for foxtail, little and proso millets,
while kodo and banyard millets re-
quire multi pass for efficient dehull-
ing operations. The machine is best
suitable for efficient dehulling of
foxtail, little and proso millets with-
out any need of pre-treatments like
soaking, parboiling, and streaming.
The maximum dehulling efficiency
of about 92.7%, 91%, and 93.5%
for foxtail, little and proso millets,
respectively was obtained for the
combination of 13.6% (d.b.) mois-
ture content and 5,500 rpm impel-
lor speed. The operational cost of
machine was around 0.09% per hour
and the cost for processing millets
into rice was found to be less than
0.97 rupees (0.01$) per kilo gram of
small millet grains.
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Nomenclature
ANOVA: analysis of variance
M,,: mass of whole kernel,g
M,: mass of broken, g
M,: mass of un-dehulled, g
M;: total mass of grains, g
DE: dehulling efficiency, %
B: broken, %
m3min: cubic metre per minute
ms™: metre per second
rpm: revolution per minute
d.b.: dry basis
kg: kilogram
H: hour
cm: centimetre
HP: horse power
%: percent
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Design, Development and Evaluation of Manually-

Operated Check Row Planter for Dry Sowing of Rice

Abstract

A manually operated check row
planter for dry seeding of rice, ca-
pable of planting two rows of rice
at a spacing of 25 cm x 25 cm was
designed, fabricated and tested. The
effective field capacity of the planter
was found 0.023 ha/h with field ef-
ficiency 47.38% and seed rate was
10.1 kg/ha. The miss index, mul-
tiple index and seed damage was
found to be 6.6%, 13.3% and 2.1%
respectively. Comparative studies
were conducted to evaluate the per-
formance of the check row planter,
transplanting and dibbling in Sys-
tem of Rice Intensification (SRI).
For sowing one hectare of land the
planter required Rs. 853/ha (One
US $ = 72 Rs.) which was less as
compared to manually transplanting
in SRI and dibbling. The developed
machine saves 66.7% and 72.4% of
money over manual transplanting
and dibbling methods.

Introduction

Worldwide, rice is grown on 161
million hectares, with an annual
production of about 678.7 million
tons (FAO, 2009). More than 90 %
of rice is consumed in Asia, where
it is a staple for a majority of the
population (Mohanty, 2013). Rice
provides 30-75% of the total calories
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to more than 3 billion Asians (Khus,
2004; Von Braun and Bos, 2004).
Traditionally, nursery seedlings are
raised and transplanted in standing
water manually. This transplanting
system not only helps in controlling
the weeds but also ensures premium
quality rice. SRI method of rice
cultivation is getting popular in
states of India like Andhra Pradesh,
Tripura, Karnataka, Kerala and
Chhattisgarh etc. Transplanting 12-
14 day’s old seedlings in 25 cm x 25
cm rows is required in SRI system.
In SRI system field is puddled with
suitable puddling device, trans-
planted manually and weeding is

done by using suitable weeder. Sub-
baiah et al., 2006 collected data for
two seasons of rice crop and found
SRI to be more promising in terms
of grain yield. Considering the ben-
efits of planting in 25 cm x 25 cm
row maintaining plant distance, has
been discussed in many platforms
to find out suitable means to use
similar type of spacing in dry con-
dition with suitable planter. Direct
seeding of rice refers to the process
of establishing the crop from seeds
sown in the field, rather than by
transplanting seedling from nursery
(Farooq et al., 2011). To minimize
the time consumption and labour

Fig. 1 Development and Fabrication of planter

(a) Seed box

(d) Seed rate controller unit

(b) Compaction wheel

(c) Seed dropping cell

(e) Cut off wheel
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requirement during sowing opera-
tion and to increase the efficiency,
appropriate technology was re-
quired to be introduced for sowing
the rice crops suitable for farmers.
It was anticipated that the farmers
desire a low cost and low powered
device for sowing crops like rice,
with higher rate of work. Therefore,
manually operated efficient planter
was needed to utilize the potential
of the available man power. Consid-
ering the above factors, manually
operated check row planter for dry
seeding of rice was design and de-
veloped. The check row planter was
powered by one man and can sow
rice at higher rate of work than tra-
ditional transplantation. The planter
will sow the rice seeds at 25 cm x
25 cm row to row and plant to plant
distance.

Materials and Method

Brief Description of Machine
Check row planter enabled opera-
tor to perform hill planting at defi-
nite spacing (in checks or squares).
Separate seed hopper was provided
in planter for each row. Seed hopper
bottoms for row crops have rotat-
ing agitator feeding mechanism that
was rotated in small circular pipes.
It has small opening for passing the
seeds. A small cell was attached be-
low each hopper where seeds were
dropped at desired intervals. Two or
three seeds were received in cell at a
time. After receiving the seeds, the
cell opened and closed using a cut-

Fig. 2 Measurement of pulling force by
spring type dynamometersr

off mechanism. Seeds then dropped
in a valve and remained there until
the valve is tripped like a trap door
to drop the seeds into the furrow
or hill. The planter can be set to
plant 2 to 3 seeds per hill. A wide
range of spacing could be obtained
by using metering roller and star
wheel which was fixed on side of
the hopper and rotate with the help
of metering shaft. This star wheel
performed the cut-off of seed by ad-
justing the number of blade on star
wheel to maintain the cut off opera-
tion by which plant to plant distance
was maintained.

Development of Check Row Planter

The handle of the implement
was designed on the basis of the
standing posture of the operator.
Length of the handle of the imple-
ment and angle of operation were
independent. The length and height
of handle were kept as 1,030 mm
and 850 mm, keeping in view the
lower angle between point of pull-
ing and vertical plane, in order to
reduce strain on hands of operator.
The length of crossbar was kept as
400 to 500 mm on the basis of an-
thropometry data of elbow-elbow
breadth. The optimum grip diam-
eter recommended is 25-37.5 mm,
the length of grip depends on hand
width and its value was taken as 130
mm (Gite et al., 2009).

The trapezoidal shaped seed box
was developed. The inclination of
front and rear walls was kept 400.
Seeds fall freely from the agitator
type feeding mechanism through

the small opening (adjustable) of
circular body fixed in the bottom
of seed hopper. Seed then passed to
the seed dropping unit cutoff action
took place and seed dropped from
the bottom of the furrow openers.
Pegged type ground wheel (diameter
400 mm) was made by 32 x 5 mm
MS Flat. Soil compaction wheel was
attached behind both the seed box
for covering the seeds into soil. Both
the compaction wheel were made
by a pair of two wheels and in this
pair both the wheel tapered from
outside to center for better compac-
tion therefore diameter of wheel at
outer side was 15 cm and 14 cm at
center. Cut-off wheel was the part of
cut-off mechanism which was fixed
on metering shaft and rotates with
the shaft. Cut-off wheels blades play
the main role to maintain distance
between seed to seed in planter.

Evaluation Procedure

Check row planter was calibrated
in laboratory and field tests were
done at Faculty of Agricultural
Engineering, Raipur for 3 plots se-
lected, of size 20 x 10 m2. The meth-
ods of rice planting (25 cm x 25 cm),
by check row planter, transplanting
manually in SRI and dibbling of rice
seeds manually were evaluated. All
the plots were prepared with two
passes of cultivator, one pass of rota-
vator and one pass of planker. Spring
dynamometer was used to measure
the required pull force to operate the
check row planter (Fig. 2).

Fig. 3 Testing of check row planter
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Result and Discussion

Physical Properties of Seeds

Popular rice variety MTU 1010
of Chhattisgarh was selected for
the study. Table 1 shows the physi-
cal properties of rice seeds used in
the laboratory and field tests of the
planter. The bulk density of seeds
was in range of 644.5-658.0 kg/m?3
with moisture content ranging from
6.5-7.0%.

Uniformity of Placement of Seeds

Accuracy and precision of seed
placement affects plant population
which in turn controls crop growth
and yield. The placements of rice
seeds were at uniform depth under
arange of 2 cm to 3.2 cm and an av-
erage of 3 cm with a minimum SD

of 0.67 cm (Table 2). The CV was
found to be 36.5% and 30.8% which
indicates that rice seeds were placed
very close to the target depth of 2.5
cm with an acceptable limit and
uniformity (Fig. 3).

The number of missing hills dur-
ing operation in field reflects the
functionality and effectiveness of
the seeder mechanism. Plant spacing
variability (PSV) can be described
by the standard deviation (SD) of
consecutive plant-to-plant spacing
within the row (Table 3). Table 3
Distance between seeds and missing
hill

The PSV calculated by field test
of check row planter was found to
be 5.65 cm with missing index of
6.67 % and multiple index 13.33%
(Table 4). The missing hills and

Table 1 Bio physical characteristics of rice seeds

Length of | Width of | Thickness | Unit mass Ge%r::rgric
S. No. seed, seed of seed, of seed, diameter Sphericity
mm mm mm g mm
Mean 9.47 2.43 214 0.0276 3.61 0.37
SD 8.70-10  2.2-2.60 2-2.8  0.023-0.032 3.47-3.84 0.36-0.40
Range 0.496 0.129 0.074 0.0032 0.0117 0.0139
CV% 5.32 5.30 3.45 11.59 3.24 3.75
Table 2 Distance between seeds and missing hill
. Depth of sowing, cm
Particulars Row 1 Row 2 Average
Mean 2.42 2.4 241
SD 0.867 0.869 0.868
Range 2.3-3.2 2.2-33 2.25-3.25
CV% 35.82 36.20 36.00
Table 3 Distance between seeds and missing hill
. Seed distance, cm
Particulars Fieldl | Field2 | Fields | “Verae®
Mean 26.3 27.78 26.31 26.79
SD 4.90 6.32 5.75 5.65
CV% 18.63 27.75 21.85 22.74
Missing hill 1 2 1 1.33
Missing index % 5 10 5 6.66
Table 4 Multiple Index
. Seed drop/hill
Particulars R | R? | R3 Average
Total hill drop 20 20 20 20
No. of Multiple hill 3 2 3 2.66
Multiple index % 15 10 15 13.33

multiple hills perhaps was due to
the jerk or vibration which produced
opening of seed dropping unit dur-
ing operation. It may also be due
to the clogging/segregation motion
of rice seeds in agitator mechanics
(Fig. 3).

It was observed that the machine
was operated at average speed of
0.97 km/h and no skidding was
observed during the experiment
(Table 5). The theoretical field ca-
pacity was 0.048 ha/h whereas, the
effective field capacity was found
to be 0.023 ha/h due to turning of
machines and other extraneous
unavoidable circumstances. Per-
formance and economic analysis
(Tables 6 & 7) revealed that the
time required for sowing operation
was minimum for check row planter
and highest in dibbling in dry seeds.
The cost of operation was also mini-
mum for check row planter (Rs 653/
ha) and maximum for dibbling in
dry seeds (Rs. 2,777/ha). In all types
of methods check row planting was
more profitable as compared to
transplanting and dibbling of dry
seeds.

The energy consumed during
sowing operation of rice under dif-
ferent method of sowing is depicted
in Table 7. The dibbling of seeds
consumed 3.71 times more energy
and transplanting consumed 3.08
times more energy as compared to
the check row planter.

Force Limit for Operation of
Check Row Planter

The maximum pushing/pulling
power of the hand during standing
work has been studied by many
researchers (Gite, 1985).The manu-
ally operated planter transmits the
power from ground wheel to meter-
ing shaft. Since the machine was
to be operated by a man the power
required to operate the machine was
considered as 0.1 hp. In this ma-
chine the power given to the ground
wheel is transmitted to the metering
shaft and cut off mechanism. The
rpm of the ground wheel and meter-
ing shaft will be the same because
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ground wheel rotates on metering
shaft. The pulling force varied from
13 to 17.5 kg at 32.850 angle of
inclination. The draft accordingly
computed varied from 10.97 kgf
(107.6 N) to 14.77 kgf (144.8 N). The
average draft recorded was 13.02
kgf (127.7 N), which was considered
to be very well within pulling ca-
pacity of man.

Cost of Operation

The cost of operation of the ma-
chine per hour as well as per ha is
represented in Table 8. For sowing
one ha of land the planter required
Rs. 1,503/ha which was much less
compared to transplanting in SRI
and dibbling of dry seeds which re-
quired 19.23 and 23.14 man days/ha
respectively and required additional
of Rs. 4,807 and Rs. 5,765/ha. Thus,
the newly developed machine saves
68.7% and 73.9% of money over
transplanting manually and dibbling
of seeds.

Conclusion

1. The check row planter can per-
form planting at a designed spac-
ing between seeds (26.7 cm) and
rows (25 c¢cm) at an acceptable
seed rate (10.1 kg/ha).

2. The placement of seeds was at
uniform depth under a range 2.4
cm to 3.25 cm. The missing index
was found 6.6%, whereas the mul-
tiple index was observed 13.3%.
The seed damage was observed
only 2.1%, which was within ac-
ceptable limit.

3. The theoretical field capacity was
0.048 ha/h, at a speed of 1.05 km/
h whereas, the actual field capac-
ity was found 0.023 ha/h and field
efficiency 47%.

4. The check row planter being
light, simple in design and easy
to operate can also be fabricated
from locally available materials.

5. The machinery cost per hour was
calculated as Rs. 34.54/h. For
sowing one ha of land the planter

required 5.44 man days which was
much less as compared to manu-
ally transplanting in SRI and dib-
bling dry seeds. The planter saves
68.7% and 73.9 % of money over
transplanting and dibbling of rice
seed manually.
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Development and Performance Evaluation of Inclined Plate Planter for Rice Cultivation Under Rainfed Condition:
Ajay Kumar Verma, Manisha Sahu

Yield potential of rice crop largely depends on the crop establishment technique to ensure optimal population. More
than 21 percent of total cost of production is accounted for transplanting operation alone. Therefore, adoption of alter-
native rice culture, which requires less input and possible increase in yield, is highly desirable under rainfed condition.
Therefore, the inclined plate seed metering mechanism for direct seeding of rice seeds to maintain plant to plant dis-
tance at reduced seed rate was developed. The part modelling was done to optimized inclined plate (inclination angle
of inclined plate 450 with horizontal, rotor speed 0.17 m/s, area of single cell 28 mm? and forward speed 5 km/h). The
prototype of machine was developed and field tested in 20 ha area in research farm and about 100 ha in farmer’s field.
Its field capacity was 0.77 ha/h with field efficiency 83%. The seed rate required for sowing of rice seeds was 20 kg/ha
(20 x 10 cm spacing at 2 seeds per cell), which was low in comparison to seed rate of fluted roller metering seed drill as
82 kg/ha. The average plant population was found 105 plants/ m? with inclined plate planter. Study revealed that sowing
by inclined plate planter with inverted T type furrow opener was more advantageous in view of crop management under
rainfed rice cultivation.

1|
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Abstract

Jackfruit is the favourite fruit for
many, owing to its sweetness; yet it
is one of the important underutilized
fruit. Although extensive work on
value addition of jackfruit has been
done; the mechanical processing of
jackfruit to separate the bulbs has
remained a major concern. There-
fore, a semi mechanised machine
was developed for jackfruit core
removing and fruit splitting to fa-
cilitate easy bulb extraction. Trials
were conducted to process the three
different size fruits based on their
length viz. small (15-30 cm), me-
dium (30-45 cm) and large (45 cm
& above) at different cutting speeds
of 600, 700, 800 rpm. When the de-
veloped machine operated at a cut-
ting speed of 800 rpm offered a core
removing efficiency of 96%, 89.5%
and 71.3% and bulb damage percent-
age of 12.2%, 8.6% and 4.1% for
small, medium and large size fruits,
respectively. The total time required
to cut and separate the bulbs using
developed machine was 7.10, 10.0

University of Agricultural Sciences,
Gandbhi Krishi Vignana Kendra, Bengaluru 560065

Karnataka, INDIA

and 12.4 min which was lesser than
the manual processing by an expert
requiring 13.25, 18.07 and 27.20 min
for small, medium and large fruits,
respectively. The throughput capac-
ity of machine for small, medium
and large size fruits were 66 kg/h,
114 kg/h and 144 kg/h, respectively.
The total cost of developed tool was
about 20,000 rupees ($295) and the
total operating cost was about 52
rupee ($0.77) per hour. The devel-
oped machine can be operated by a
common person with least drudgery
and would be ideal for small to large
scale processors and entrepreneurs.

Keywords: jackfruit, jack, me-
chanical tool, core cutting.

Introduction

Jackfruit (Artocarpus heterophyl-
lus Lam) is one of the most con-
sumed and underutilized fruit in
several parts of the world. India is
the second biggest producer of the
fruit and is considered as the moth-
erland of jackfruit. The total produc-

tion of jackfruit during 2014-15 was
estimated to be around 2.08 million
tonnes, but only 7 percent of fruits
produced are processed in India,
which is very low when compared to
Thailand (30%), Brazil (70%), Phil-
ippines (78%) and Malaysia (80%)
(Anon (2002), Munishamanna et al.
(2012), NHB (2016)). Jackfruit is rich
in several nutrients such as vitamin
B and C, potassium, calcium, phos-
phorus, iron, proteins, fats,  Caro-
tene, and high level of carbohydrates
that yields up to 98 kcal of energy
per 100 g fruit (Kumar et al. (1988),
Devi et al. (2014)). Apart from its
use as a table purpose, jackfruit has
also played a significant role in the
Indian agriculture from the time im-
memorial and is a popular fruit for
preparation of several home dishes,
sweets, bakery products and other
beverages. Although the fruit is one
of the most liked and nutritious, uti-
lization of this fruit is very limited
because of its unique biological and
physical characteristics which make
the fruit difficult to process and ex-
tract the bulbs.
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Review of Literature

A vast amount of work has been
done on value addition of jackfruit
to develop ready to eat products.
While the work on the development
of a mechanical tools or machine for
processing of ripe jackfruit is found
to be very limited from the literature
review. However attempts have been
made to develop hand operated jack
fruit slicing blade to cut the whole
fruit vertically or horizontally into 3
to 4 pieces. The usage of knife coated
with edible vegetable oil to prevent
latex sticking to knife surface while
cutting ripened jackfruit was reported
by APAARI (2012) and Munisha-
manna et al. (2012). Devi et al. (2014)
have demonstrated a hand operated
ripened jack fruit slicer to cut the
whole jack fruit into two pieces. The
mechanism is similar to hand oper-
ated shear cutter, where the cutting
blade will slice through the jackfruit
when the handle bar is pulled from
the top towards cutting platform.
Anon (2015) has developed a semi
mechanised jack fruit peeling tool to
remove the peel from whole tender
jackfruit. The unit consists of tubular
knife, toothed cutting edge and elon-
gated guide. The toothed cutting edge
was designed in such a way that could
cut through a body of jackfruit and
fixed elongated guide telescopically
positioned within the tubular knife
to direct the toothed cutting edge to-
wards the jackfruit. The mechanism
for moving the tubular knife towards
the cutting pad and through the body
of a jackfruit includes leveraged
means designed to reduce the force
required to peel the jackfruit through
tubular knife, which peels off the skin
of jackfruit. Vasudev Murthy (2016)
has developed a tender jackfruit
peeling machine which resembles a
simple lathe machine used in auto-
mobile industries. The machine can
be used to peel tender jackfruit alone
which commonly used as vegetable
and cannot be used to process rip-
ened jackfruit. The tender jackfruit
peeling machines are also developed

and sold by various industries across
the globe such as Luohe Hiyoung
Machinery Manufacturing Co., Ltd.
China, Tianjin Joy Machinery and
Equipment Co., Ltd. China and Viet
Loyal Import Export Co., Ltd. Veit-
nam. Dhanusha et al. (2017) have de-
veloped a peeling machine for large
sized cylindrical vegetables which
was found to be useful in peeling of
tender jackfruit and cannot be used to
cut ripe jackfruits. A survey was also
conducted in Karnataka state prior to
this study which showed the absence
of appropriate mechanised tools or
machinery for ripe jackfruit process-
ing. This study also revealed the use
traditional tools such as kitchen knife
(62.8%), sickle (23.1%), axe (9.5%),
steel blade and others (4.2%) across
parts of Karnataka state.

Despite several attempts have
made to develop mechanical tools for
jackfruit processing, these methods
are found to be cumbersome and
generally cut the fruits either into two
halves or into several slices resulting
nearly 20-25% damage to fruit bulbs
or pulp. As a result of this, these
techniques or tools neither got popu-
larized nor adapted by growers and
processors. Therefore, lack of appro-
priate tools for jackfruit processing
have led knife or sickle smeared with
edible vegetable oil as the only op-
tion for cutting jackfruits. However,
these crude methods are very difficult
to follow by a common man since
it is very risky to handle sharp cut-
ting tool and found to be drudgery.
These traditional jackfruit processing
techniques is possible to follow by an
expert alone who is involved in this
activity for particular time period.
From the literature review, it is ob-
served that attempts made over past
few years in development of appro-
priate tool for jack fruit processing
was unsuccessful. Due to the lack of
appropriate tool for jack fruit cutting
and extracting bulbs with minimum
damage with maximum convenience
has remained a major concern for
the growers, processors as well as
consumers. In order to address these

issues, this study aimed to develop
mechanical tools for jackfruit cutting,
splitting and facilitate easy and effi-
cient bulbs separation.

Materials and Methods

Sample Preparation

The most cultivated local variety
was selected and procured directly
from the growers near Doddaballa-
pur taluk of Bangalore. The fruits
were graded into three categories
viz. small, medium and large based
on the average length of fruits. In
this study, the fruits length of 15-30
cm was assumed as small size, 30-
45 cm as medium size and 45 cm and
above as large size. Since the jack-
fruits bulbs are mainly attached with
inner core of the fruits, the complete
cutting and removing of inner core
is essential for easy bulb separa-
tion. Therefore, to understand the
correlation between inner core size
variations with respect to outer fruit
dimensions, about ten fruits of each
size were manually cut and inner
core sizes were measured manually.

Development of Semi Mechanised
Tools Jack Fruit Rind Cutting
and Fruit Splitting

The jack fruit core cutting and
rind cutting are subsequent op-
erations; two separate mechanised
tools for core cutting and fruit split-
ting were fabricated at workshop
of All India Co-ordinated Research
Project on Post-Harvest Engineering
& Technology, University of Ag-
ricultural Sciences, Gandhi Krishi
Vignan Kendra, Bengaluru.

Development of Jack Fruit Core
cutting unit

Fig. 1 shows the schematic design
of core cutting unit, which consists
of a rotating hollow spindle (SS 304
grade), stationary nylon rod to push
the core out of spindle, 0.5 HP 3-phase
motor (1,400 rpm), adjustable fruit
holding jaws, a plat form to hold the
fruit vertically, a bevel gear assembly
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coupled with chain-sprocket mecha-
nism that will transfer the rotating
motion of handle to move the coring
assembly in vertical axis and a main
supporting frame. The bottom end of
spindle was fixed with saw toothed
cutter with similar diameter that of
the spindle. The inner diameter of
spindle is 50 mm which was fixed
based on average core size measured
and averaged during the preliminary
studies. The core removing spindle
was fixed inside hollow bearings
along the length of spindle to enable
free frictionless rotating motion. The
top end of spindle pipe was fixed
with a pulley which was driven by
motor through a v-belt. This core
cutting tool was used to remove the
central core of jackfruit from stalk
side of fruit at the bottom end.

Development of Pedal Operated
Jack Fruit Splitting Unit

The schematic design of pedal op-
erated fruit splitting unit is shown
in Fig. 2 and it mainly consists of a
plat form to hold the fruit horizon-
tally, a fruit splitting tines (SS 304
grade), and a spring loaded horn
shaped sliding mechanism to pull
the tines by holding the fruit rind on
to the frame. The one end of sliding
mechanism is connected to splitting
tines while the other end is connect-
ed to a pedal through wire cable.

Performance Evaluation of De-
veloped Jack Fruit Cutting and
Splitting Tools

The developed semi mechanised
jackfruit core removing and fruit
splitting units are shown in Fig. 3
and Fig. 4 respectively. The devel-
oped tools were evaluated for core
removing efficiency (%), bulb/pulp
damage (%), throughput (kg/h), and
total time for cutting and bulb sepa-
ration (min). After every individual
operation, the mechanical (machine)
damage to fruit bulbs was evaluated
by visual inspection and the per-
centage of bulb damage was calcu-
lated. The core removing efficiency
(%), bulb damage (%), and through-

put (kg/h) were calculated using Eq.
1, Eq. 2 and Eq. 3, respectively.
Core removal effeciency (%) =
(Weight of core removed (kg)) /
(Total weight of core (kg)) (1)
Bulb damage (%) = (Weight of
damaged bulbs (kg)) / (Total
weight of bulbs separated (kg))

@

Throughput (kg/h) = (Weight of
fruit Processed (kg)) / (Process-
ing time (h)) (3

Comparative Performance Evalu-
ation of Developed Jack Fruit Cut-
ting and Splitting Tools vs. Manual
Cutting and Separation of Jack
Fruit Bulbs

Fig. 1 Schematic design of jack fruit cutting tool

Fig. 2 Schematic design of jack fruit splitting tool
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To evaluate the performance of
developed machine in comparison
with manual cutting and separation
of bulbs, trails were conducted to cut
different size fruits using developed
machine and also manually by an ex-
pert. After each core cutting opera-
tion by machine, the left-over portion
of core was removed and weighed
manually to calculate the core re-
moving efficiency. The collected
bulbs were hand sorted into damaged
and undamaged to calculate percent-
age of bulb damage. Similarly, man-
ual cutting and separation of bulbs
from the fruit was also carried out
employing a skilled labour and the
results were compared with to assess
the overall performance, economics,

Fig. 3 Developed semi mechanised
jackfruit core cutting unit

Fig. 4 Developed semi mechanised
jackfruit splitting unit

drudgery and easiness of operation
by developed machine.

Experimental Design

Response surface methodology
was employed to study the effect of
each variable on responses using
Design Expert 7.0.0 software. A one
factor design with linear model was
used to test significant difference
between the samples by considering
the fruit size as categoric factor. For
each experimental variable, the cen-
tre values and the ranges were fixed
based on preliminary studies. The
cost economics of the developed
semi mechanised machine was also
worked out by considering the fixed
and variable costs.

Results and Discussion

Operation of Developed Semi
Mechanised Jack Fruit Coring and
Splitting Machine

The different sequential operations
performed using developed semi
mechanised jackfruit core cutting

unit (Fig. 3) and fruit splitting unit
(Fig. 4) are shown in Fig. 5. The
jack fruit has a fibrous central core
and a thick outer rind; one has to cut
and remove this core before splitting
the fruit for bulbs extraction. Before
start of fruit cutting operation using
developed gadget; the cutting spindle
was smeared with vegetable oil to
avoid the latex sticking problem. The
fruit is then loaded onto platform
such that stack side is in straight line
to spindle and fruit is held rigidly
by adjusting the fruit holding jaws.
The coring unit is switched on by
operating the handle, the rotating
spindle assembly is moved down
until the spindle come through the
bottom of fruit. Subsequently, the
coring assembly in moved up, and
the nylon rod pushes the core out of
spindle allowing the spindle ready to
cut the next fruit. The coring unit is
switched off and the coring assembly
is locked at the top by a latch. Now
the fruit is unloaded and the rind was
manually cut to required depth using
knife and loaded onto splitting unit.
The fruit is held in horizontal posi-

Fig. 5 Different operations performed while processing
of jackfruit using developed tools

Qil dipping for spindle

Jackfruit core removed by
spindle

Jackfruit loaded & locked
between holding jaws

Jackfruit core removed by
spindle

u

Fruit core coming out during
coring operation

Jackfruit ready to harvest
bulbs after splitting

VOL.51 NO.1 2020 AGRICULTURAL MECHANIZATION IN ASIA, AFRICAAND LATIN AMERICA 87



tion and the splitting tines are insert-
ed between rind and pedal is pressed
to split and expose the fruit inside
out for easy separation of bulbs. The
complete removal of core breaks the
bond between bulbs and fruit, thus
facilities easy plucking of bulbs.

Core Removing Efficiency (%)

The effect of fruit size and spindle
speed on coring removing efficiency
is shown in Fig. 6. The fruit size
had a significant (p < 0.0001) ef-
fect on coring removing efficiency,
compared to cutting speed which
had negligible effect (Table 1). The
average coring removing efficiency
deceased from 96% for small fruits
to nearly 72% for large fruits under
various spindle speeds of 600-800
rpm. The highest coring removing
efficiency recorded was 96% for
small size fruits at a cutting speed
of 600 rpm. However, an increase
or decrease in spindle speed had no
effect on coring removing efficiency.
The linear decrease in core removing
efficiency with increase in fruit size
was due to the incomplete removal
of core from medium and large size
fruits by the spindle with inadequate
diameter. This was due to fact that
the inner core size varies signifi-
cantly with respect to fruit size and
does not remain constant throughout
the length of the fruit, which requires
different spindle sizes for cutting
small, medium and large fruits.

Percentage of Bulb Damage
The percentage of bulb dam-
age during core cutting at different

Fig. 6 Effect of spindle speed and fruit

size on core removing efficiency

Table 1 ANOVA for core cutting efficiency

Source [Sum of squares| df | Mean Square FValue | p-value
Model 1,490.50 3 496.83 1,546.23 0.0001****
A-Speed 0.16 1 0.16 0.50 0.4907
B-Size 1,490.34 2 745.16 2,319.09 0.0001****
Residual 353 | 11 0.32
Lack of Fit 3.53 5 0.70 Std. Dev 0.56
Pure Error 0| 6 0 Mean 85.72
Cor. Total 1,494.03 | 14 C.V (%) 0.66

*p < 0.05, significant; **p < 0.01, significant; ***p < 0.001, significant; ****p <

0.0001, significant

Table 2 ANOVA for percentage of bulb damage

Source fquurgrgg df S'\élﬁgpe F Value p-value
Model 166.39 | 6 27.73 3,422.95 0.0001****
A-Speed 000 1 0.00 0.07 0.8040
B-Size 165.46 | 2 82.73 10,211.25 0.0001****
AB 032 2 0.16 19.56 0.0008***
A? 062 1 0.62 76.05 0.0001****
Residual 006 | 8 0.01
Lack of Fit 006 | 2 0.03 Std. Dev 0.09
Pure Error 000| 6 0.00 Mean 8.24
Cor Total 166.45 | 14 CV (%) 1.09

*p <0.05, significant; **p < 0.01, significant; ***p <0.001, significant; ****p <

0.0001, significant

spindle speeds is shown in Fig. 7.
The highest bulb damage percentage
ranged between 11.4-12.2% for small
fruits, which was found to decrease
to 3.5-4.1% for large fruits. The per-
centage of bulb damage significantly
(p < 0.001) varied with respect to
fruit size, this was due to variation
of core size among different sized
fruits (Table 2). The percentage of
bulb damage increased linearly with
decrease in fruit size from large to
small fruits at various spindle speeds
between 600-800 rpm. The small
size fruits found to have smaller
core size; thus the selected spindle

Fig. 7 Effect of cutting speed and
fruit size on bulb damage

diameter was larger than the core
diameter of small fruits which led
to excess cutting of core along some
portion of fruit bulbs resulting in
higher damage percentage. On other
hand, the spindle speed had no effect
on bulb damage and it was found to
remain constant for all three fruit
sizes. The percentage of pulp dam-
age in developed semi mechanised
tool is nearly 20-25% lesser than
the method reported by Devi et al.
(2014). This is because the spindle of
developed method cut and removes
the centre core without disturbing
or damaging the fruit pulp. Whereas

Fig. 8 Effect of fruit size and cutting
speed on throughput
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Table 3 ANOVA for through put capacity

Source [Sum of squares| df | Mean Square FValue [ p-value
Model 13,726.8 5 2,745.36 381.3 0.0001****
A-Speed 1728 | 1.00 1728 240.00 0.0001****
B-Size 11,710.8 | 2.00 5,855.4 813.25 0.0001****
AB 288 | 2.00 144 20.00 0.0005***
Residual 64.8 | 9.00 7.2
Lack of Fit 64.8 | 3.00 21.6 Std. Dev 2.68
Pure Error 0| 6.00 0 Mean 96.60
Cor. Total 13,791.6 |14.00 13,791.6 C.V (%) 2.78

*p <0.05, significant; **p < 0.01, significant; ***p < 0.001, significant; ****p <

0.0001, significant

Table 4 ANOVA for total time for jackfruit processing

Sum of df

Mean

Source squares Square F Value p-value
Model 7413 | 5 14.83 1,627.19 0.0001****
A-Speed 208 | 1 2.08 228.66 0.0001****
B-Size 71.96 | 2 35.98 3,948.88 0.0001****
AB 009 | 2 0.04 4,76 0.0390*
Residual 008 | 9 0.01
Lack of Fit 008 | 3 0.03 Std. Dev 0.10
Pure Error 0.00 6 0.00 Mean 9.83
Cor. Total 7421 | 14 CV (%) 0.97

*p <0.05, significant; **p < 0.01, significant; ***p < 0.001, significant; ****p <

0.0001, significant

the conventional jackfruit slicing
methods will cut the fruit vertically
into 2-3 pieces by simultaneously
damaging the bulbs throughout the
cut region which accounts a high per
cent of bulb damage up to 25%.

Throughput Capacity (kg/h)

The throughput capacity of the
machine was found to be higher for
large fruits and lower for small size
fruits. It was observed that, both
the cutting speed and the fruit size
together had a significant (p < 0.001)
effect on the capacity of the machine
(Table 3). However, the throughput
capacity was largely dependent on
fruit size than the spindle speed as

Fig. 9 Effect of fruit size and cutting
speed on total processing time

shown in Fig. 8. This was because of
the mass of fruits processed per unit
time was found to be higher in large
fruits compared to small and medi-
um size fruits. In addition, the high-
er spindle speeds assisted in quick
core cutting in short period of time
irrespective of fruit size. Therefore,
the large size fruits processed at
higher spindle speed of 800 rpm of-
fered the highest throughput capac-
ity. The highest throughput capacity
observed was 66 kg/h (small fruits),
114 kg/h (medium fruits) and 114
kg/h (large fruits) at a cutting speed
of 800 rpm. Though the throughput
capacity was found to be higher for
large fruits, the coring efficiency for

Fig. 10 Total time taken for cutting jackfruit

by mechanical and manual methods

large size fruits was very low due to
the incomplete removal of inner core
which is very important for easy
bulb separation. Therefore, it was
noticed that the spindle size fixed
was found to be best for cutting core
in small and medium fruits and was
not adequate for large fruits.

Total Time for Jack Fruit Processing

The total processing time is the
time taken for mechanical core cut-
ting, rind cutting, fruit splitting and
manual separation of bulbs from the
fruit. The average total time taken
for processing the jack fruit was sig-
nificantly (p < 0.001) affected by both
fruit size and spindle speed (Table 4).
The average time taken for process-
ing different size jack fruit by devel-
oped machine is shown in Fig. 9. The
time required for cutting and splitting
operations increased with increase in
fruit size, whereas the total time de-
creased slightly when cutting speed is
increased from 600 to 800 rpm. The
average total time taken for cutting
and splitting of small, medium and
large fruit were 07.10 min, 10.00 min
and 12.40 min, respectively. The total
time taken was mainly dependent on
fruit size, the incomplete cutting of
core by the spindle in large fruits re-
quires an extra time for removing the
left-over core portion. Subsequently,
the leftover portion of core in large
fruits made the splitting operation
more difficult, thus requiring an ex-
tra force and time for splitting and
harvesting of bulbs from these fruits.
The complete cutting of core by
spindle in small and medium fruits
assisted in quick fruit splitting and
easy bulb separation.

Comparative Study of Developed
Mechanical mMethod with Tra-
ditional (Manual) Method of Pro-
cessing

The comparison between the av-
erage time taken for core cutting,
fruit splitting and bulb separation
by developed mechanical method
and conventional manual method is
shown Fig. 10. The lowest process-
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ing time of 7:10 min, 10:00 min and
12:40 min for small, medium and
large size fruit, respectively was
observed in developed mechanical
method. The mechanical cutting as-
sists uniform core cutting from top
to bottom of fruit in quick time, thus
the manual bulb separation become
too easy after complete removal of
core irrespective of fruit size. On
other hand, in manual processing
the operator requires more time for
complete cutting and removing of
core. For an instance, the manual
operation required additional time
of 6:20 min, 8:10 min and 14:08 min
for processing small, medium and
large fruits, respectively. This extra
time was the time incurred in core
cutting and fruit splitting.

In addition, the mechanical meth-
od showed the highest percentage
of bulb damage of about 12% which
was due to variation of core size
throughout the fruit length, while in
manual processing damage percent-
age was less than 5%. Though the
manual operation offers least bulb
damage percentage, it was found
that the manual processing is a time
consuming operation and involves
risk for operator to handle sharp
tools and drudgery.

Cost Economics

The total cost of the developed
semi mechanised machine for jack-
fruit processing was about 20,000
rupees ($295) only. The total op-
erational cost of the machine was
about 52 rupee ($0.77) per hour hav-
ing a throughout capacity of up to
22 fruits per hour. The cost benefit
ratio of the developed jack fruit pro-
cessing tool was nearly 1:3.

Conclusions

The developed mechanised gad-
gets eliminates some of the prob-
lems faced in manual processing
such as longer time for processing,
risk of handling sharp tools, latex
sticking to the hands and reduces

the drudgery. The method also as-
sists in quick cutting and splitting
of fruits for easy bulb separation by
a common person without need of
an expert. For developed machine,
the highest core removing efficiency
varied between 71.3-96.0% with
3.5-12.0% bulb damage. The semi
mechanised tool is best suitable for
cutting, splitting of fruit for easy
bulb separation from small and me-
dium fruits. However, with slight
modification in core cutting spindles
by having three spindles with differ-
ent diameter based on size of fruit to
be processed will make these tools
more efficient and effective. The
semi mechanized tools will benefit
a large number of jackfruit growers
across the globe. Making available
an appropriate fruit cutting and bulb
separation tool will enhance the
proper utilization and also enhances
higher returns to growers and trad-
ers. This will go a long way in the
proper utilization the under-utilized
jackfruit, besides causing enforcing
reduction in post-harvest losses.
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Nomenclature
ANOVA: analysis of variance
M,,: mass of whole kernel,g
M,: mass of broken, g
M,: mass of un-dehulled, g
M;,: total mass of grains, g
DE: dehulling efficiency, %
B: broken, %
cfm: cubic feet per minute
ms*: metre per second
rpm: revolution per minute
w.b.: wet basis
kg: kilogram
h: hour
cm: centimetre
HP: horse power
%: percent
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