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ABSTRACT

Grading of olive fruits is important for export and local marketing. Grading
parameters were length, width, thickness, and weight of olive. The mechanical
grading, reduce the period needed to sort the olive varieties compared to manual
grading, and the olives price depend on its size.

The Belts grading machine for olive fruits was manufactured, and installed at
the Agricultural, Engineering Department, Faculty of Agriculture, El-Mansoura
University. However, the experiment was carried out at Kafr-Awd, Aga, Dakahlia
Governorate. The machine was tested in grading of Agize, Manzanillo and Picual olive
varieties. Grading was based on olive parameters such as (dimensions of fruits and
mass) and machine parameters conditions (belts speed m /s, grading unit slop age,
Rad. and olives feeding rate g/s).

Result indicated that the maximum grading efficiency of olive varieties
Manzanillo, Agiza and Picual, it was 93 %, 92 % and 91, %, respectively. These
results were obtained at the same operation conditions of feed rate 50 g/s, belts
speed 0.110 m/s and tilt angle of -0.035 Rad. ).

INTRODUCTION

Olive's varieties are of great nutritional value. They are important
sources of carbohydrate, vitamins and minerals. Also, olive is considering
one of the main sources of oil. The Cultivated area of olive trees (Oleo
uropea) increased rapidly in the last decade (Ministry of Agriculture, 1999).
The cultivated area of olives reached 1034608 feddan producing about
288.027 metric tons. New reclaimed lands represent 73.47% of total
production area in Egypt, and 70.34 % of total production.

Grading is defined as the process, which separated the fruits into
different sizes based on their dimensions, volume and weight according to
the standards or marketing requirements. Grading of size and quality of fruits
is important for export and local marketing and for price determination. There
are two methods of olive fruits grading like manual or mechanical grading.
Mechanical grading was classified based on the difference in physical
characteristics such as length, width, thickness, and weight. The mechanical
grading was expected to reduce the period needed to sort the olive varieties
compared to the manual one. Many types of machines were available for
grading fruits and vegetables, but most of them are expensive for farmers
and small factories of olives.

O'Brien et al. (1983) concluded that sizing operations involve
passing the fruits over diverging belts having holes, wire mesh belting, and
drop roll size. The belts with holes and the wire mesh sizes separate the fruit
into two sizes while the others provide up to five or six sizes by gradual
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widening of the sizing members that support the fruit. The small fruit fall
through first, then the successively lager ones. Each size is carried to the
side by belt conveyors that deliver them to containers. Sorting for quality may
be done following sizing. Sorting is usually done at this point by hand to
discard culls. Chen. et al. (1988) studied a muskmelon sorter machine.
Improvements on spiral-roller type sorters and a nylon brush-roller type
cleaning sorter and their effect on grading different Muskmelon shapes were
studied. Experiments showed that it had a sorting capacity of 5.5 ton/h (=
90% accuracy), and almost zero damage. Nevkar,Gs and kanawade (1996)
reported that a divergent roller-type fruit sorting machine was developed in
1991 and tested for its capacity and separation efficiency performance for
lemon and sapota (Manilkara zapota) fruits. The machine parameters tested
were roller speed, inclination of roller and gap between diverging rollers. The
maximum sorting capacities of 1140 and 1531.9 kg/h were achieved,
respectively, for lemon and M.sapota respectively. While the maximum
separation efficiencies for lemon and M. sapota fruit were 84.7 respectively.
The overall separation efficiency of the machine was 69.1%.

The main objective of the present study was to develop and evaluate
performance of belt grading machine to grade olive varieties of Agize,
Manzanillo and Picual. This objective was achieved by studying the following:
1-Some physical and mechanical properties of three different Egyptian olive

varieties (Agize, Manzanillo and Picaul).
2-Develop Belts grading machine suitable for different varieties of olives.
3-Test and evaluate the performance of the Belt grading machine under
different operational conditions.
4-Cost analysis proposition for the Belts grading machine.

MATERIALS AND METHODS

The present study was carried out at Kafr-Awd, Aga, Dakahlia
Governorate. The experiment was divided into two main stages.
The first stage included the study of some physical properties (shape
size, mass, volume, and bulk density), and mechanical properties (rolling
angle, repose angle and firmness) to determine the basic standards for
developing Belt grading machine for olive fruits. Three varieties of olive fruits
were used in this study, which were Agize Manzanillo, and Picual. The olive
fruits were obtained from Qaroon, Fayoum Governorate during the harvesting
season (August/September) of 2002 and 2003.
The second stage of experiments was to test and evaluate the
performance of Belts grading machine. The Belt machine was operated under
different operational conditions as follow:
1.Liner speeds were selected by a primary experiment on the belts grading
machine at the speeds of 0.0471, 0.79, 0.11, and 0.142 m/s.

2.Tilt angles were selected by a primary experiment too and they were, -
0.035 (upward), 0, 0.035, and 0.070 radians.

3.The feeding rates were 50, 200, 150, and 200 gls.
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4.All treatments were carried out using constant length of grading unit of 600
mm.
A schematic diagram of the prototype of the grading machine is shown in
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Figure 1: Schematic diagram of prototype belts grading machine

The grading mechanism used to grade the fruit according to size,
from small to large based on the smaller diameter of oliva. The grading
mechanism consists of a set of seven belts (1.3x457.8 cm). Belts were
placed on groves that were cut in each roller such that each two adjacent
groves were having bigger distance in between as olive move forward.
Consequently, the smaller diameter olive would fall first. The grading machine
was provided with four receiver boxes three of which were placed under the
three belt sectors, and the fourth is placed under the rear end of machine to
receive the rest of the olives.

A 0.25Kw and 220 volts electrical motor with suitable transmission
system was used to drive the grading machine at a speed of 300 r.p.m.

Physical properties

Physical and mechanical properties of olive fruits were determined
based the shape and size, mass, actual volume, and density of olive fruits.

One hundred olive fruit sample was taken randomly from the three
varieties under study. The shape of each variety was studied in terms of
length (L) and diameter (d) by using sliding caliper (+ 0.05 mm). The obtained
data were used to calculate the shape index (s.x.=L/d) of each sample
according to I00C, 2000.

Shape index values less than 1.25 was considered spherical.
However, shape index values from 1.25 to 1.45 ovoid, otherwise, the shape
was considered as elongated.

The average weight of each individual olive was obtained by
weighing 100.
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The actual olive fruits volume was measured by using 100cm®
capacity graduated beaker. The graduated beaker was filled with water to a
certain level, and then the olive was completely immersed in the beaker using
a pen and a thread. The actual olive volume was obtained based on the
displacement of water for each fruit. Real density of the fruit was calculated
using the equation (D=Mass/Volume) of Buyanov and voronyk (1985).

Mechanical properties

Rolling angle was measured by using an inclined plane with two
types of surfaces (steel and rubber) and two positions. Position “A” in which
the long axis of fruit was laid parallel to the direction of motion, while in
position “B” the long axis of fruit was laid perpendicular to the direction of
motion. By placing the fruit on the horizontal surface of the inclined plane one
by one and gradually increasing the angle of surface inclination, the fruit
began to roll, and that angle was considered as the rolling angle of the fruit
(Buyanov and voronyk 1985).

Repose angle was measured by using a rectangular box (40 x 40 x
60 cm?®), which was kept in the vertical position and the free surface of the
fruits was leveled .The box is gradually tilted into the horizontal position . Then
the free surface of the olive fruit makes an acute angle with respect to the
horizontal position. Repose angle was estimated by measuring the angle
between the free surface and the horizontal plane.

Fruit firmness was estimated by applying a force to each sample of
the investigated varieties by using a portable hand tester (hardness tester. No
174806) Fruits were pressed by the end of the tester (diameter 5mm);
meanwhile the analog reading was increased with increasing the pressure of
the fruit until the fruit is cracked. At this point the analog reading was
considered as fruit firmness.

Machine performance

The grading efficiency was calculated by classification of olive fruits
into three categories (15 to 18, 18 to 21 and 21 to 26 mm). The grading
efficiency was determined according to Amin, 1994,

M
n =ITJ'—.\¢100 1

Where:
n = Grading efficiency of fruits, %;
M; = Mass of the classified fruits for each outlet (kg).
M = Total mass of fruits for each outlet in the machine in kg.
The total efficiency of the machine was calculated using the following
equation:

+M, +
n= Ll s Ty x100 2

M
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Where:

n = Total grading efficiency of the machine, %

M= Total mass of fruits for all outlets in kg.

M;+M; + M3= Masses of the classified fruits for first, second, and third outlets.

Grading capacity
The grading capacity was calculated according to the equation
Amin'’s equation, 1994, as follows:

6= £x60 3
T G
Where:

C = Grading capacity of the machine (kg/ hr);
M = Mass of classified fruit (kg);
Te= Grading time (min).

The mechanical damage was considered as the visible damage to
human eyes after each pass of the olive fruits through the grading machine.
The tested samples were marked and stored for one day in a refrigerated
room to examine the damage.

The consumed power (kW) was estimated by using the sup clamp
meter-300k to measure the line current strength (1) and the potential
difference value (V), that were used to calculate the total consumed power
and the useful power according to Platezehiem, 1979.

Fixed costs (deprecation, interest on investment, housing, insurance
and taxes) and running costs (repair and maintenance, electricity, and labor)
are the major capital input for most farmers. Grading cost in L.E./h or in
L.E./ton for the proposed grading machine was estimated according to the
Ministry of Agric., 1995.

RESULTS AND DISCUSION

1.Physical properties of fruits

The relationships between mass of olive varieties, length and
diameter were studied and the data were analyzed. Results showed a
positive linear relationship between mass and the above mention parameters
as shown in Figures 2 and3, respectively. The obtained equations relating
mass and length, mass and diameter and mass with length and diameter are
listed in tables 1, 2 and 3.
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Figure 2: The relationship between mass and lengths of olive varieties.

Table 1: Equations relating mass and length and R? for olive varieties

Relation Varieties Equations R?
Eruf Agize M=0.7403 L -13.617 0.9974
rut — mass ™ Manzanillo M = 0.5557 L - 8.3258 0.982
and length. -
Picual M =0.6213L - 8.3258 0.98

|+ Agize = Manzanilo s Picual |

P

R S SR G 3

Mass, g
O=2NWBNO~NIOOO—-NWA

.\?;.

S T TN VST W N W Sy W vy S St IO B

7z z. 2 7 <, < < <,
Uy, B2, P, Ra, Ta, Fay e, Pa
e e e T e %

Diammter, mm,

Figure 3: The relationship between mass and diameter of olive varieties.

Table 2: Equations relating mass and Diameter and R? for olive varieties

Relation Varieties Equations R?
) Agize M =0.8027 D - 10.991 0.9732
;:’,“Dia _mas$ ™ Manzanillo M=06675D - 8.6781 0.9921
Picual M=0753D - 96601 0.9668
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The relationships between volume, length and diameter of olive
varieties were studied and analyzed. Results showed a positive linear
relationship between volume and previously mentioned parameters as
presented in figures 4 and 5 respectively. The attained equations relating
volume and length, volume and diameter and volume with length and
diameter are listed in tables 3, 4, 5.
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Figure 4: the relationship between volume and length of olive varieties.

Table 3: Equations relating mass, length and diameter and R? for olive

varieties
Relation Varieties Equations R?
Fruit  mass, Agize M=2677L + 6.2D -13.683 0.9732
length and | Manzanillo M=2.018L + 4.273D - 8.275 0.981
Diameter Picual M =2.745L + 5.08D - 11.311 0.9668
Table 4: Equations relating volume, length and R? for olive varieties.
Relation varieties Equations R?
Frit  volume Ag@‘ V=0.7027 L-12.718 0.9849
and length ' Maqzanlllo V=0.5661 L - 8.996 0.9604
Picual V=0.5969 L - 10.478 0.9763
Table 5: Equations relating volume, diameter and R? for olive varieties.
Relation varieties Equations R?
Yl utkirng Agize : V =0.8048D - 11.309 0.9815
o dikitiate: Manzanillo V=0.6627 D - 8.8759 0.981
Picual V=0.7008 D- 9.0732 0.974
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Figure 5: The relationship between mass and lengths of olive varieties.

Table 6: Equations relating volume, and both length and diameter and

R? values for olive varieties.

Relation varieties Equations R2
Fruit volume, Manzanillo V=1381L+5.184D -8.36 0.973
length and Agize V=262L+6.417D - 14.081 0.952
diameter. Picual V=2745L +5.08D -11.311 0.958

The relationships between mass of olive varieties and volume were
studied and analyzed. Results showed a positive relationship between mass
and volume as presented in Figure 6. Regression analysis was carried out
and equations relating volume and mass are demonstrated in table 7.
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Figure 6: the relationship between volume and mass of olive varieties.
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Table 7: Equations relating volume and mass and R? for three olive
varieties under study. s

Physical 2 "
Properties varieties Equations R? T
i Agize V=0717M+ 0.8638 0.9788
z;lé'tma:g”me Manzanilo | V= 0.6987 M+ 0.4398 05417
Picual V =0.6528 M+ 0.8601 0.9379

2.Mechanical properties
a.Repose angle

The highest values of repose angle were 31.3, 30.38 and 32.56
degrees for Agize, Manzanillo, and Picual varieties, respectively. The surface
roughness, shape and size of olive varieties played important roles on repose
angle values.

b.Rolling angle

The maximum values of rolling angles for rubber surface were 14.1 and
7.45, degree for Picual variety at positions A and B, respectively. The
corresponding values for steel surface were 12.38 and 6.59 degrees for
positions A and B, respectively. Also lower rolling angle was obtained for
Agize and Manzanillo varieties.

c.Firmness for olive fruits

The average values of firmness for the different olive varieties were
determined. The mean values of firmness force were 1.25, 0.704 and 0.705,
N/mm? for olive varieties Agize and Manzanillo and Picual, respectively. In
other words, the highest average firmness value was attained with Agize olive
variety.

3.General evaluation of the grading machine

The grading machine was tested for grading efficiency for grading the
previously mentioned olive varieties. The results could be discussed as
follows:

a.Efficiency of belts grading machine

The maximum grading efficiencies of olive varieties Manzanillo, Agiza,
Picual, were 93 %, 92 % and 91, %, respectively. These results were
obtained at the same operation conditions; feed rate of 50 g/s, belts speed of
0.11 m/s and tilt angle of -0.035 Radians for the three olive varieties. It was
apparent that grading efficiency was maximized at a tilt angle of -0.035 Rad.
and a speed of 0.110, m/s. The direction of movement of olives might have
been against the grading surface inclination that might lower the rolling speed
of olives on the grading belts. Consequently, a high chance was given to the
olive fruits to fall in between the grading belts. As a result, a good chance of
separation of different olive sizes was attained, consequently, the grading
efficiency increased, Figure 7.
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Figure 7: Effect of tilt angle and feeding rate on grading efficiency at
speed 0.11 m/s for olive varieties.

b.Capacity of grading machine
The average grading capacity of the three varieties was 180 kilogram
per hour at optimum operation conditions.
c.Power consumption
The calculated power consumed by the belt grading unit was 0.215
Kw.h. for the olive varieties; Manzanillo, Agize and Picual. This power was
measured at the optimum operating condition.
d.Mechanical damage for olives
Mechanical damage results indicated negligible values for all olive
varieties under investigation for different operational condition.
4.Cost analysis
From the economic view point, the use of any machine usually
depends upon its purchase price, labor and working capacity. The use of
belts grading machine was evaluated and costs were summarized in table 8.
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Results indicated a relatively low grading cost for each ton of olive fruits
compared the exported grading machines.

Table 8: Cost analysis for a belt grading machine.

Item costs
Fixed costs Deprecation and interest costs, L.E / year. 108
Housing and insurance costs, L.E / year. 51.6

Total Fixed costs L.E / year. 159.6
Total Fixed costs L.E / h. 0.2

Repair and maintenance costs, L.E / h. 0.135

Running cost Energy ( electricity ) costs L.E / h. | 0.0301
Labor costs L.E / h. 0.75

Total running costs L.E / h 0.929

Total costs L.E/h 1.115
Total grading costs of olive varieties in L.E / ton. 6.28

CONCLUSION

The mass, length and diameter of olive fruits were positive related. As

well as, the volume, length and diameter were positive related. A positive
relationship was found between mass and volume of olive fruits.
Grading efficiency increased with increasing tilt angle and decreasing feeding
rate at a speed of 0.047 m/s. Also, grading efficiency increased with
increasing tilt angle to 0.035Rad and then decreasec at a tilt angle of 0.07
Rad. and a speed of 0.079 m/s. Grading efficiency increased with decreasing
tilt angle to -0.035 and with decreasing feed rate at speeds of 0.11and 0.14
m/s.

The maximum grading efficiencies of Manzanillo, Agize and Picual
olive varieties were 93%, 91 % and 90%, respectively. These results were
obtained at feeding rate of 50 g/s, belts speed of 0.110 m/s and tilt angle of -
0.035 rad.
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