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REEL-SEPARATOR DEVELOPMENT FOR OLIVE
FRUITS GRADING

MAGDA M. A. MOSA *
1-ABSTRACT

It will be helpful for farmers and market dealers to determine their prices
by more accurate ways accepted to the consumer. So grading plays an active role in
the marketing attractiveness.

This research was intended to develop a mobile grading machine (reel-
separator type) for grading the olive crops. Three machine parameters each of four
levels were studied such as fruit feeding rates (350, 400, 450 and 500 kg/h), speed
of reel sizer 20, 35, 50, and 65 rpm (0.419, (.733, 1.047 and 1.361 m/s), and two
types of mesh shape (square cells and parallel bars cells) on the machine grading
capacity (kg/h), and efficiency (%), using two major olive varieties (picual and
manzanillo). The mechanical damaged percentages of olives fruits were also
determined,

Results showed that this machine is quite successful for grading olives
crop. The best result was obtained at 400 kg/h fruit feeding rate, and 35 rpm reel
speed using parallel bars cell shape. At these levels the maximum grading
efficiency of 94.6 and 93.6 % were obtained with machine grading capacity of 328
and 315.7 kg/h for picual and manzanillo varieties, respectively. At the same
feeding rate 400kg/h and by using square cells at rotating speed of the sieves of 50
rpm, the maximum grading efficiencies of 92.3 and 91.6 % which was coincided
with machine grading capacity of 333 and 317 kg/h were obtained for picual and
manzanillo varieties, respectively. The mechanical damage for the two olive
varieties under study increased when grading process was carried by square cells
compared with parallel bars cells. Grading picual and manzanillo olive varieties by
the proposed machine at optimum grading conditions, produced olives defects
(mechanical damaged) lower than the limits permitted for the market.

2- INTRODUCTION

Olive crop is one of the most important crops in Mediterranean basin
countries (Spain, Italy, Greece, Portugal, Morocco, Tunis, Palestine, Syria
and Egypt). Concerning Egypt, olive cultivation succeeded in new-
reclaimed area due to its limit need for irrigation water and it's growing in
difficult circumstances.

The total cultivated area increased sharply through 1988-1994, from
22000 feddans in 1988 to 67523 feddans in 1994 and became 118697
feddans in 2003. The fruitful area developed from 14909 feddans in 1988 to
78555 feddans in 2003,
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The total production from the fruitful area was 30609 ton in 1988 and
became 204722 ton in 2003. This increment in total production is not only
due to the increment of fruitful area but also the production per feddan, it
was 2.05 ton/feddan in 1988 and increased to 3.8 ton/fed in 2003 (Ministry
of Agricultural, 2004).

The main purpose of grading is to segregate produce into different
grades for canning and other converting process. Grading, according to
well-defined national and international standards, is essential for modem
marketing as pricing is tied to product quality.

Numerous researchers have designed and fabricated grading machines
for grading various fruits and vegetables by shape,size,and or by weight.

Ryall and Lipton (1983), and Michael et al. (1983) reported that
machines that grade by diameter tend to have higher throughputs, to be
rather less expensive for a given throughput, than those, which grade by
weight. They added that sizing operations involve passing the fruits over
diverging belts having holes, wire mesh belting, drop roll sizes, or
volumetric 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
widening of the sizing members that support the fruit. :

Peleg (1985) mentioned that placing several machines with
consecutively larger perforation in the packing house line affects the
necessary sizing of the products into several size groups. The sizer conveyor
belt is usually made rubber, plastic or steel links. The sizing parameter is
usually determined by the shape of the fruit and the perforations. When the
perforations are circular, sizing is according to circular projection area if
perfectly spherical fruits are assumed. For spheroidally shaped fruits, sizing
is according to diameter or length or something in between. This is so, since
the fruit will not fall through unless its largest projection dimension to the
hole (diameter of inscribing circle) is smaller than the hole in the belt. In
spherical fruits, however, there will be preference of the fruit diameter
lining up with the hole in the belt, because the center of gravity of the fruit
will-tend to hole as low as possible.

Balls (1986) showed that the size grade of an item might be
determined by one, two or three linear dimensions or its mass (weight).
Single dimension is determined by the minimum distance apart of a pair of
parallel bars between which the produce can pass. Two dimensions are
determined by the distance between the sides of a square hole or diameter of
a circular hole, through which the produce can pass. The third dimension
will often be taken in addition to a square or circular hole standard, by a
separate measurement using paralle] bar gabs.

Ladaniya and Dass (1994} indicated that manual size grading was
still more accurate, although mechanical grading operated at a rate of 1 ton

Misr J. Ag. Eng., April 2005 405



of fruit per hour. Manually processed fruits showed higher decay as a result
of bruising. '

Amin (1994) developed and tested a grading machine consisting of
rotating cylinder and perforated concave to grade potato, onion and orange
crops. The machine was tested in grading potato crop. The obtained results
showed that crop parameters such as (tubers dimensions and mass) and
machine parameters such as (cell area and shape, drum speed, slope of drum
axle and drum length) have a significant effect on grading efficiency. The
capacities of machine at optimum drum speed of 25 rpm and slop of zero
degree was 1.2 t/h with tuber damage of 0.23%.

Yang and Liu (1997) stated that a grading mechanism was designed
and constructed in which the sizing plates are linked to the roller chain and
the other side slides against the guide plate. The opening between sizing
plates is gradually increased as the roller chain moves. Fruits enter the
grading mechanism and lie on the gaps between sizing plates, dropping
through the openings and into bins when the openings become large enough.
Sorting efficiency and sorting purity were both 88%, while sorting
efficiency and sorting purity decreased to 74 and 76%, respectively, when 3
grades of plum fruits were sorted.

Mosa (1998) designed and fabricated grading machine for orange
using diverging bar or roller cylinder. The results show that the optimum
speed of feeding conveyor was 70 rpm, the most suitable lines for the
grading unit were the cylinder system, and the most suitable tilt angle of
grading unit was ranged between 3 — 6 deg.

Matouk et al. (1999) designed and constructed a portable machine
for sorting, cleaning and grading sphere-like crops such as orange and
tomatoes. They concluded that, at any sieve slope in the range of 5 to 20
degree and all sieve rocking speed in the range of 150 to 300 rpm.
Mechanical damage percentage of fruit increased as the speed of fruit
feeding chain increased from 0.15 - 0.3 m/s. They added that, at high sieve
rocking speed the grading efficiency of fruit decreased.

Abd-Alla et al. (2000) reported that the grading efficiency was
decreased with increasing both fruit feeding speed and tilt angle of grading
unit. The grading efficiency was increased with the increase of critical
distance from 0.04-0.1 m and starts to decease at critical distance of 0.13 m.

Genidy (2003) concluded that the machine grading capacity
increased by 22.2 % when the cylinder speed of feeding cells was increased
from 10 — 40 rpm (0.11- 0.42 m/s) at different levels of tilt angles during
grading the muskmelon.

El-Sayed (2004) developed a two grading machines for olive
grading. He concluded that the maximum grading efficiency were 93, 92,
and 91% for Agiza, manzanillo and Picual at 8 rpm speed of rotating, and 3
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degree of slope angles of roller sizer.

Abd El-Rahman (2004) tested and evaluated a portable shaker
type-grading machine with garlic and onion bulbs. the results indicated that
grading efficiency decreased as feeding rates and frequency levels
increased. The best result was obtained at bulbs feeding rate of 8§00 kg/h and
frequency levels of 30 freq/s for grading unit. At these levels, maximum
grading efficiency and permissible mechanical damage were obtained for
garlic and onions bulbs.

Many types of machines are availat:le to do ihis work; most of them
are complex and expensive since they incorporate devices to facilitate
sorting for quality, accurate sizing mechanisms and devices to facilitate
packing. The cheapness and simplicity of grading machines would
encourage their use on national scale,

The main objective of this study is to develop, construct and test a
prototype reel-separator for olive fruits grading, to evaluate the performance
of the proposed machine and recommending specific improvements based
on the results.

3- MATERIALS AND METHODS

3-1- Materials:-

The experiments were carried out using two different double purpose
varieties (Picual and Manzanillo) of olive crop. These varieties were
obtained from Horticultural Research Institute, Olives Res. Dept., (A.R.C.)
Giza, Egypt. These varieties were selected based on its recent coverage area
and the expected future expansion according to Ministry of Agriculture
yearly bulletins.
3-2-The developed machine:-

The proposed grading machine Figs. (1- A and B) used in this study,
was developed, installed and tested at the workshop of Ag. Eng. Res. Inst.
(ARCQC).

Fig. (1-A): Actual photo of a proposed reel separator.
Misr J. Ag. Eng., April 2005 407



ns
»
-~
»"‘!
~
Al
"

RN « E~wo

Fig. (1-B): Side view and elevation view of the proposed reel separator.

As shown in Fig. (1- A and B), the cylindrical reel-separator consists
of frame constructed from steel hollow square bar (4 x 4 ¢m) 0.5 cm thick
welded together. The frame dimensions (length, width and height) were 200,
40 and 110 cm, respectively.

The hopper of the machine was manufactured to feed the fruit into
the reel-separator with the dimensions of 35x40x45 cm for length, width
and height, respectively. It was made of iron sheet of 1 mm thickness. The
sides of this hopper had a gradual slope to allow sliding of fruits.

Based on the physical properties of olive fruits under this study, and
according to (U. S. STANDERDS, 1983), olive fruits are sized into four
different categories (canned whole and pitted ripe olives) as follow:

Size (1) <17 mm in diameter ranked: Small.

Size (2) 17 - 19 mm in diameter ranked: Medium

Size (3) 19 - 20 mm in diameter ranked: Large

Size (4) > 20 mm in diameter ranked: Extra large

Two different grading units (sieves) were made. The first unit of
square cells, while the other has parallel bars cells Fig. (1- C).

Each grading unit of the reel-separator is furnished with three sieves
(A, B and C); each of 40 ¢m for diameter and 50 cm for length. The sieves
are arranged subsequently (one behind the other) according to the size, the
small mesh sieve (A) being at the first (17 mm) while, the large mesh sieve
(C) being at the end (20 mm). The sieves are mounted on the machine frame
and the slope of the sieve needed is obtained by means of bolts and the
adjustable holes.

The grading unit is set on two rotating rollers each one supported on
two adjustable ball bearings with grease gun, which are attached on the
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main frame with bolts.The grading unit slightly tiited downwards in the
direction of crop travel to encourage the fruits to pass along the grading
unit.

Fig. (1-C): Actual photo for two types of grading unites of the reel-separator.

3-3-Theoretical considerations of the cylindrical sieves:

The working process of a cylindrical sieve is given below. The fruit
mix is delivered from one end of the rotating cylindrical sieve (inclined or
horizontal). Then the fruits try to reach the other end of the cylinder.

During this action, particles located at the lower portion of the
cylinder are lifted upward by the screen surface to some height after which
they are again lifted along with it and slide down. They gradually move
toward the opposite end of the cylinder. The particles are in contact with
only a part of the cylindrical surface and have no relative velocity with
respect to it during their lift for these reasons and because sieving of small
particles is possible only when they have some finite relative velocity.

The nature of the motion of fruits over the surface of a cylindrical
sieve depends upon the coefficient of friction on the given surface; the
kinematics operating condition is governed by centripetal acceleration r @ g
the initial conditions of motion of the particles, the point at which they are
delivered on to the sieving surface and their initial velocity.

Depending upon the relationship among the above factors, the fruit in
the cylinder may slide along it, separate from its surface and perform a free
flight or may move with the surface being at rest relative to it. In the last
case the fruit material is not sieved (Bosoi et al. 1991).

The release of fruits (particles) in a cylindrical sieve depends upon
their relative velocity and the forces acting on them. These forces are:

- The weight of the particle mg, directed downward.

- The cervrifugal force mr o

Where:
(m) is the mass of the particle;
(ry - radius of the cylinder;
(@) - particle angular velocity (at critical speed the angular

velocity of particle @ , =@,
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The motion of the particle on the cylinder surface is not determined by
the tangential forces alone. But, if the resultant of the normal forces (F,) is
not directed towards the cylinder surface, the particle will loose contact with
the cylinder.

To find the equations that describes the motion of the particle at a
critical speed of the cylindrical sieve Fig. (2), it can be found that:
F,=mr w’-mgsind..... (l)inthe normal direction
mgcosa=uFn.. ... ... (2)inthe tangential direction
Where:
(@) is the angular position of particle on the sieve surface measured
from the horizontal axis in the direction of rotation;

(t) - coefficient of friction between the particle and cylindrical
surface.
uFy rw’
mg sin g
{24
mg cqgs d

Fig. (2): Forces acting on a particle of fruit in a rotating cylinder.

By substituting (F,) from equation (1) into equation (2} then:
mgcosd=yu(mrw’-mgsing) ....(3)
gcosd=prw’-pugsing
prw’=gcosd+pgsind

,  gcosa'+ ugsina’

w - {9
ur
@ = \/i(cos @'+ usin @’) v (3)
ur
But

2zN

YT 60 ©

From equation (5) and equation (6) we get:

N= —@—\/i(cosa’+ysina') ................. (7)

2m \ pr

At ¢ =90 cr=20cm
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The previous equation (8) shows the number of rotations per minute

(critical speed). Under this study, and by substituting in equation (8) the
number of rotation per minute (¥) for sieve should be lower than 66.8 rpm.

The sieves are set inclined to the horizontal plane, to improve the
internal pressure forces during the rotation of the particles mass. According
to Klenin et al. (1985) the angle of sieve inclination (8) was selected from
the condition 8 < ¢. Where (¢) is the friction angle between the fruits and
the sieve surface.

In this study, the slope angle of the cylindrical sieves on the
horizontal plane was selected experimentally as (9°).

3-4- The studying factors:
The experiments were designed and carried out to study the effect of
the following parameters:
1. Four different fruits feeding rates (350, 400, 450 and 500 kg/h).
2. Four different speeds for grading unit 20, 35, 50 and 65 rpm, (0.419,
0.733, 1.047 and 1.361 m/s).
3. Two types of wire mesh cell shape (square cell and parallel bars
cells).
The number of rotations per minute (N) and the slope angle of
cylindrical sieves (8) on the horizontal plane were considered according to
the theoretical consideration as described above.

3-5- Calibration of the feeding mechanism:

The following steps were carried out to calibrate the feeding mechanism
to give the required feed rates of olive fruits.
- The hopper was filled with bulbs.
- The gate opening was adjusted to control the output of the olives.
- The machine was run for two minutes in each test. This period was
measured from the instant of full dropping the olives through the hopper
opening.
- The discharged olives were collected in plastic bags to determine the
feeding rate of olives (kg/h).

3-6-Test Procedure:-

* Before carrying out the tests, the samples were manually cleaned to
remove impurities and the unwanted materials.

» The machine was installed on level ground. The fruits were put into
baskets and manually discharged into the feeding hopper.

» The fruits were dropped from the feeding unit to the grading unit
either square perforations or parallel bars to grade fruits into 4 sizes.
Then the fruits were discharged to the collecting baskets.

* During grading process, the consumed time of operation from the
moment of olives dropping until the end time was measured, and the
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amount of graded olives was recorded. Then the machine productivity

{kg/h), machine grading efficiency (%) and olives mechanical damage

(%) were calculated for each test.

3-7- Measurements:-
3-7-a) Fruit physical and mechanical characteristics
- Fruit principal dimensions:

To design the machine hopper and cells of the cylindrical sieves, the
data reported by Fouad et al. (1992) and Owies (2003) were used as a
source of frujt length, diameter, shape index, weight and the angle of
friction as shown in Table (1).

Table (1): Physical and mechanical properties of two olive varieties.

property varieties Minl.{anglf/lax. A&BEL%

. Picual 17.90 - 31.53 25.851

Fruit length, mm Manzanillo | 17.96—29.34 | 24.029

Fruit dia.. mm Picual 14.96 — 24.01 19.851

’ Manzanillo | 13.50-23.91 19.584

Sphericity Picual 1.14]1 - 1.501 1.302

(shape index) Manzanillo | 1.068 - 1.514 1.232
Friction angle on | Picual 18.8
galvanized sheet, degree. | Manzanillo 19.1

3-7-b) Machine grading capacity and efficiency:
The grading capacity for the developed machine was determined
according following formula:
Machine capacity (Mp) =M, /t , (kg/h) ...... %
Where:
M,, = Mass of classified fruits from the whole unit in kg;
t = The time consumed in operation, h.

The total grading efficiency of the machine was estimated according
to Klenin et al., (1985) using the following formula:
Machine grading efficiency () = (m; + my + m3 + m4) / m , (%) ...(10)
Where:
m = Total mass of fruits, kg;
m; + my + m3 + my = Averaged mass of different sizes, kg.

3-7-c} Mechanical damaged percentage:

Mechanical damaged percentage for the two types of olive varieties
was measured during olives grading as follows.

Olive's bruises were evaluated, immediately as visible damage,
which can be seen by bare eye. Scuffed fruits (with surface abrasion damage
to skin) and those with flesh damage were separated from each fraction and
there percentages based on the weights of the corresponding fractions were
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taken as olives mechanical damage. Then the mechanical damage of fruits
was classified according to (Kader, 1992) into the following categories:

Bruising score % of fruit area affected

|- No symptoms Zero

2- Slight <2%

3- Moderate 2-5%

4- Severe 5-10%

5- Extreme > 10% Unmarketable

4- RESULTS AND DISCUSSION
4-1- Machine grading capacity:

Figs (3 and 4) illustrates the effect of different speeds of cylindrical
sieve (rpm) and different sieves feedi.g rates (kg/h) using two types of cell
shape (parallel bars and square cells) on the machine grading capacity
during the grading process of two olive varieties (picual and manzanillo
variety).

It can be seen from Figs (3 and 4) that increasing sieve speed during
grading process of two olive varieties using paralle]l bars and square mesh
from 20 to 65 rpm at any fruit-feeding rate in the range of 350 to 500 kg/h
cause a corresponding increase in machine grading capacity.

Similarly, it can be observed that increasing sieve rotating speed
during the grading process of olive fruits using paralle] bars mesh causes
higher machine grading capacity compared with square celis at both fruit
veritics under study. This increase in machine grading capacity by using
parallel bars mesh may be due to the less probability of sieves clogging
compared with the square mesh.

In addition, it can be seen that increasing sieve-rotating speed from
20 to 65 rpm at all fruits feeding rates from 350 to 500 kg/h causes a higher
increase in machine grading capacity for picual fruit variety over the
manzanillo variety.

On the other hand, the values of grading capacity for picual variety
were higher than that of manzanillo variety when using the same grading
treatments. These increments in grading capacity may be due to the increase
in the spheroid of picual variety compared with manzaniilo variety, which in
turn may be decrease, the sieve clogging openings.

The low capacity values were 272.2, 265.0 kg/h for square cells, and
279.9, 272.9 kg/h for parallel bars cells were obtained during grading picual
and manzanillo fruits, respectively at 350 kg/h fruit feeding rate and 20 rpm
sieve rotating speed. The higher values were 444, 434 kg/h, for picual
variety and 425.6, 415 kg/h for manzanillo fruits at 500 kg/h fruits feeding
rates and 65 rpm sieves speed using parallel bars and square cells
respectively.
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4-2- Machine grading efficiency:

Data tabulated in Figs (5 and 6) show the effect of pgrading
parameters and their interactions on the machine grading efficiency.

It can be seen from Figs (5 and 6) that increasing the speed of sieves
from 20 to 35 rpm at any fruit feeding rate in the range of 350 to 400 kg/h
with parallel bars and square cells cause a positive increase in the machine
grading efficiency for both fruit varieties under study (picual and
manzanillo) comparing with square cells. This increase in the machine
grading efficiency was followed by a decrease in grading efficiency as the
sieve rotating speed increased from 35 to 65 rpm. Whereas, increasing the
speed of sieves from 20 to 50 rpm at any fruit feeding rate in the range of
450 to 500 kg/h using square cells cause a corresponding increase in the
machine grading efficiency for both fruits variety under study (picual and
manzanillo). This increase was followed by a decrease in machine grading
efficiency as the sieve rotating speed increased from 50 to 65 rpm. This
decrease in machine grading efficiency by increasing rotating speeds of
sieves may be due to the increase in the fruits movement that made the fruit
bounce on the sieve and this in turn decreases the fruit separation.

The same trend of increase in the machine grading efficiency due to
increasing fruits feeding rates from 350 to 400 kg/h was also noticed at all
sieve speeds in the range of 20 to 35 rpm and at both grading varieties and
mesh types (parallel bars and square shapes), respectively.

This increase was followed by a decrease in machine grading
efficiency as the fruits feeding rates increased from 450 to 500 kg/h. This
may be attributed to the fact that at higher fruit feeding rates, the amount of
fruits conveyed to the grading unit reached to a high value and this caused a
rick of fruits on this unit, thus some fruits passes without grading.

This decrease in grading efficiency by increasing feeding rates from
450 to 500 kg/h may be due to the increase in the fruit movement giving it
more ability to jump on the sieve and this in turn increased the ratio of fruit
mixing. These results were in line with Bosoi et al., (1991) Abd-Alla et al.
(2000) El- Sayed (2004), and Abd El-Rahman (2004).

Under the same conditions, it can also be seen that parallel bars cell
shape caused an improvement in grading efficiency compared with square
cell shape. The reason of depression of grading efficiency with square cell
shape may be due to the increase in clogging of sicves openings compared
with parallel bars cell.

It should be mentioned that the data of grading process at feeding
rates 450 and 500 kg/h should be excluded from the efficiency calculation
since it was found that grading efficiency decrease at these levels of feeding
rates as shown in Figs (5 and 6).
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4-3-Mechanical damage percentage:

Mechanical damage percentage for the two types of olive varieties
was measured during olives grading under optimum operation condition {35
pm (0.733 m/s) cylinder speed and 400 kg/h feeding rate, using parallel
bars cell shape. And 50 rpm (1.047 m/s) cylinder speed when using square
cells at the same feeding rate of olive fruits.

It can be seen from Table (2) that the mechanical damaged
percentage of olives fruits increased for the two olives varieties under study
when grading process was carried by square cells compared by parallel bars
cells. The values of mechanical damage percentage for both olives fruit
were lower than the maximum defects permitted for marketable olives, so it
should be excluded.

In other words, grading picual and manzanillo olive varieties by the
proposed machine at optimum grading conditions, produced olives defects
{mechanical damaged) lower than the limits permitted for marketable olive's
yield as described in the mechanical damage classification (Kader, 1992).

Increasing the percentage of mechanical damage using the square cells
shape may be attributed to increase the impact time for fruits with cell sides
during the grading process, and that Ied to increase the mechanical damage.

So, one can say that, it is quite safe to use the developed separator from
the damage point of view at the optimum parameters causing the higher
grading efficiency and capacity.

Table (2): Olive's mechanical damaged at optimum grading conditions.

Maximum defects Mech. Grading
Olive variety Cell type permniited for Damage, Effie,
marketable olives, %. % %
Picual Parallel bars 2.37 94.6
squares 377 923
M " Parallel bars 30 235 93.6
anzantiio squares 3.82 91.6

5- COCLUSION

The optimum operating parameters for the modified reel separator by
using the parallel bars cells were 400 kg/h for fruit feeding and 35 rpm for
sieves rotating speed. At these levels the maximum grading efficiency of
(94.6 and 93.6 %) were obtain which was associated with machine grading
capacity of (328 and 315.7 kg/h) for picual and manzanillo varieties
respectively.

At the same feeding rate (400 kg/h) and by using square cells the
rotating speed of the sieves should be 50 rpm. At these levels the maximum
grading efficiency of (92.3 and 91.6 %) which was coincided with machine
grading capacity of (333 and 317 kg/h) were obtained for picual and
manzanillo varieties respectively.
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The mechanical damage of the two olive varieties under study
increased when grading process was carried by square cells compared with
parallel bare cells. Grading picual and manzanillo olive varieties by the
developed machine at optimum grading cond’tions, produced olives defects
lower than the limits permitted for marketable olive's.
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