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Abstract: An mertia type limb shaker were developed to mechamcally harvest of tree fruits. The shaker, hydraulically
powered and driven by the tractor power take off, was used for mechanical harvesting of almond. The study included
optimum frequency and amplitude to obtain maximum fruit removal percentage, harvesting rate of the shaker. Harvesting
rate was calculated by weighing both the harvested and unharvested almonds. In the tests the lunbs of trees were shaken
at 40 and 50 mm amplitude of the connecting rod attached to the crankshaft and 10, 15, 20 Hz frequencies. The results
were analysed according to the maximum fruit removal percentage. Shaking time was 10 s for all of the frequency and
amplitude tests. Maximum fruit removal (97 and 100%) was achieved by operating the shalcer at amplitude of 50 mm and
a frequency of 15 and 20 Hz Therefore it can be suggested an amplitude of 50 mm and a frequency of 20 Hz for
mechanical harvesting of almond. Moreover, the appropriate harvesting time for nonpearl variety of almond was found
the second week of August. Because, the ratio of Fruit Detachament Force (FDF) to Weight (W) at different maturity

times was found 1.8 N/g at the second week of August.
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INTRODUCTION

Almond (dmygdalus compminis L.) 13 perenmal plant
growing in mner Anatolia, the Mediterranean and the
Marmara regions of Turkey. The kemel nut forms an
important source of protein in human nutrition. Turkey 1s
a producer country with an annual production of
about 37.000 t and its yield ranges between 1789.5 and
2000 kg ha™' (S8I, 2001). At present, the crop is usually
planted as main crop in Turkey. Harvesting and handling
of the crop are carried out manually. The threshing is
usually carried out on a hard floor with a homemade
threshing machine. For optimum threshing performance,
processes of pneumatic conveying, storing and other
processes of almond nut, its physical properties must be
known. Almond 1s an edible, nutlike seed of fruit of a tree,
Prunus amygdalus, of the rose family, the sweet variety
of which is widely used in desserts, candy and cooking
(Aydin, 2003). Turkey 1s one of the main almonds
producing country in the world. Almond is grown i all
over Turkey. The harvesting of almond has not been
mechanised until recently in Turkey and there has been a

very short period of maturity stage available for
harvesting. Mechanical harvesting of almond as other tree
fruits 1s necessary and important for Turkey.

Tree shakers are widely used to harvest different
kinds of tree fruits. Limb shakers are especially popular
and have the advantage of speed, particularly in
orchards having many primary limbs. Linb shakers
usually achieve a somewhat better removal of frut on
pliant trees (Horvath and Sitkei, 2001). About tree
shakers, structure of both trunk and main roots and the
ratio of fruit detechament force have been studied since
1960s (Adrnan and Fridley, 1965; Fridley et al., 1964;
Kegecioglu, 1975; Sansavini et al., 1982, Affeldt et al.,
1989; Donald et al., 1989, Parameswarakumar and Gupta,
1991 ; Sarig, 1993; Gezer, 1997, Polat, 1999; Erdogan et al.,
2003; Sessiz and Ozcan, 2005; Lang, 2006).

There are two broad approaches to the mechanical
harvesting considerations; one is the mass harvesting
method, harvesting mdiscriminately from the whole tree or
a portion, without direct concern for individual fruits. The
other is individual fiuit harvesting, harvesting each fruit
as distinct and separate from adjacent fruits. In individual
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fruit harvesting, several fruits could be harvested at the
same time by separators (Schertz and Brown, 1968).
Examples of detaching device being considered for the
mass harvesting of fruit include limb shakers and trunk
shakers. The basic principle of limb shaking is based on
the transmission of vibratory forces to the limb. Horvath
and Sitkei (2001) proposed a new tree model which
analyses three different kinds of trunk motion. Based on
acceleration measurements in the soil body, a new mass
component was included, in addition to the common mass
components. The analysis of dynamics and power
requirement of the system has shown that the elastic
deformation of the trunk will continuously be higher as
attachment height increases, resulting in a significant
decrease in the net power requirement.

The objective of this study is to investigate the
mechanical harvesting of almond.

MATERIALS AND METHODS
The experiments were conducted on almond
(Amygdalus communis L.) of the Gulcan 101-9 variety
(Fig. 1) at Gaziantep provinces in the south east of
Turkey. The experiments were heldin the second week of

August 2005. Some orchard, free and fruit properties are
givenin Table 1.

Determination of the parameter of fruit detachment
force/fruit weight: The ratio of fruit detachment force to
fruit weight (FDF/W) iz used for comparing the suitability
of almond. The fruit detachment force was measured by
the help of hand dynamometer with 10 N capacity and
0.1 N divisions. The fruit weight was determined with an
electronic scale 2.0 kg capacity and 0.01 g divizions.

Determination of branch spring rigidity: In order to
determine the branch spring rigidity of almond trees, a
dynamometer (model: viro-meter LTC 119-01) and a
portable amplifier were used. One end of the dynamometer
wag attached to the branch of the tree via connecting rod;
and the other end was attached to the drawbar of the
tractor. The connection point at the branch was chosen to
be as the same of that of the shaker. And the tractor was
moved until the branch displaces somewhat. The
displacement value of the branch and the dynamometer’s
value were recorded. The spring coefficient was
calculated by putting these values in the following
equations.

C =F/x (N/mm)

Where; C is the spring rigidity of the iree; F is the
pulling force, x is the displacement quantity of the branch.
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Fig. 1: Almond orchard

Table 1: Some orchard, tree and fruit properties
Orchard (da)

10

Training system Freely pruned
Distance between rows (m) 3

Tree spacing in the row {m) 3

100 dry fruit mass (g) 320

100 dry kernel {g) 102

Total tree height (m) 385

Crown width {m) 3.30

Inertia type limb shaker: An inertia type limb shaker
designed by Erdogan ef al. (2003) was used for
mechanical harvesting of almond. Figure 2 shows the
designed shaker. The shaker was completely hydraulically
powered and driven by the power take-off. The main frame
is mounted on the three-point linkage of the tractor. The
equipment comprigses a hydraulic pump, a hydraulic
motor, a tank, a flow control valve, a hydraulic cylinder,
a direction control valve and a vertical steel tubular
frame to support the shaker, pendulum and other auxiliary
components. The hydraulic pump is driven through a
gearbox with an ouput speed of three times the standard
power take-off speed of 540 min~'. Firstly, the oil is
pumped to the cylinder, one end of which iz attached to
the rod and the other end to the clamp. Each limb is
clamped firmly and then the oil is pumped to the hydraulic
motor to shake the limbs. A reciprocating motion is
provided to the shaker arm by the hydraulic motor.
Frequency can be easily adjusted in the range of 10-20 Hz
by controlling the speed of the motor with a flow control
valve. Amplitude can be changed between 20 to 60 mm.
The shaker is capable of harvesting limbs up to 180 mm
thick (Fig. 3). The total shaker mass with an empty tankis
246 kg. The shaker arm between the shaking mechanism
and the clamp end is a tube, 3.34 m long, 85 mm diameter
and 5 mm wall thickness. The masses of the housing with
the driving motor and the shaker arm between the
pendulum and clamp end are 70 and 56 kg, respectively.
The complete shaker is balanced and pendulously hung
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Fig. 3: The clamp of sahker

from a positioning mechanism by a swinging link attached
to the vertical steel fubular frame. The design permits 360"
rotation of the shaker about its longitudinal axis for
aligning the clamp with the limbs. This design permits the
frame to absorb some of the reactive force of the shaker
without causing excessive vibration of the frame when the
shaker iz operating under long amplitude conditions. The
limb clamp is an important component of the shaker and
has been given special design consideration fo eliminate
posszible damage to the free bark. The clamp consists of a
frame with two rubber pads, one stationary and the other
attached to the rod end of a hydraulic cylinder. Total
clamping area for each of the two plates is 0.014 m® and
the type of padding is soft rubber 20 mm thick. The clamp
action is controlled by a valve and its pressure on the limb
is controlled by an adjustable relief valve.

Determination of the effects of shaking frequency and
amplitude on fruit removal percentage: The trees with
mature almond were identified and three to five limbs with
appropriate properfies and sizes on each tree in different
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directi ons were selected for shaking. The remainder fruits
of the tree were picked manually by workers using
traditional harvesting methods. Afterwards, the remaining
limbs with fruits were attached to the shaker individually
and harvested by applying different amplitude and
frequency combinations. Almonds removed from each
limb were collected, filled into boxes and then weighed.
In the tests, the limbs were shaken at 40 and 50 mm
amplitude and 10, 15 and 20 Hz frequencies. The results of
three replicates were analysed to determine the effects of
frequencies and amplitude on the fruit removal
percentage. The shaker was attached to the limbs at a
distance of 0.5-0.7 m from the trunk of the tree. Four
persons including the fractor operator were employed in
the tests. The fruit removal percentage was determined by

my

B, = x 100

m, +m,

where: P, isthe fruit removal percentage; m, is the mass
of fiuit removal in g; and m, is the mass of fruit unremoval
ing.

RESULTS AND DISCUSSION

Variation of the fruit detecham ent force (FDF)/ weight
(FW) at different maturity times: Fruit maturity has an
important effect on the force required for removal on
mechanical properties and on relative susceptibility of
the fruit to mechanical damage (Kader, 1983, 1991).
According to O’brien 2f al. (1983), the ratio of fruit
detechment force in N to the weight in N should be higher
than 1 for mechanical harvesting. The changes in FDF/W
ratio as a function of maturity times are shown in Fig. 4.
FDF/W ratio decreased when as maturity time increased.
The FDF/W ratio for almond varied from 20.6 N/gto
1.8 N/g within one month of tests. Kegecioglu (1975)
reported that the holding force to pedicle decreased as the
fruit matured. This is due to cork that iz formed in the stem
holding place. Moser (1984) =said that mass and rupture
force were important for mechanical harvesting and gave
the fruit detachment force as 1-5 N at maturity stage for
stone fruits. Sessiz and Ozcan (2005) reported that FDF/W
ratio for olives decreased from 49.72 N/g to 10.02 N/g
within 100 days of tests.

Branch spring rigidity of almond: Branch spring rigidity
of almond fruits according to the different branch
diameters are given in Table 2. Branch spring rigidity
increased with increasing branch diameter. This result was
supported for different fruit branches by Kececioglu
(1975), O’Brien ef al. (1983), Gezer (1997) and Cetinkaya
(1989).
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y=-4.0743x + 25.893
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Fig. 4: The variation of the fruit detachment force/weight
(FDF/W) at different maturity times

Table 2: Coefficient of spring rigidity of almond trees

Limb Changes of limb CoefTicient of
diameter (mm) Farce (N) position (mm) spring rigidity
30-35 87 100 0,87
35-40 143 100 1,43
40-45 186 100 1,86
50-55 249 100 2,49
55-60 285 100 2,85

Table 3: The fruit removal results in relation to the effects of shaking
frequency and amplitude

Amplitude (mm) Frequency (Hz) Fruit removal (%9)*
40 10 72.6a

15 85.5b

20 93.8¢
50 10 86.2a

15 97.7b

20 100.0b

*Values in the same column followed by the same letter(s) are not
significantly different (probability p<:0.01)

The effects of shaking frequency and amplitude on fruit
removal percentage: The fruit removal depending
primarily on shaking frequency and amplitude are
shown in Table 3. Mechanical harvested fruit is defined as
pre-harvest fruit drop plus fruit removal by a shaker from
a tree. The harvesting was carried out mn the second week
of August. The shaker amplitude and frequency are
important variables for fruit removal percentage, but the
fruit removal is also dependent on the limb amplitude.
Fruit removal percentage of almond increased with
mereasing frequency and amplitude. Orchard tests
showed that maximum fruit removal (100%) was achieved
at an amplitude of 50 mm and a frequency of 20 Hz. Fruit
removal for the amplitude of 50 mm and frequency of
15 Hz was 97.7%. Statistical analysis has shown that
shaking amplitude and frequency affected the romowal
fruit percentage of almond at 0.01% significance level
(probability p = 0.01). In these tests, to determine the
effects of shaking frequency and amplitude on fruit
removal percentage, shaking time was taken 10 sec.
Sessiz and Ozcan (2005) investigated the effect of
vibration on mechanical olive harvesting and found that
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no more than 66.24% of fruit was removed. Erdogan et al.
(2003) stated that the optimum shaking frequency and
amplitude of apricot limbs were 15 Hz and 40 mm,
respectively.

CONCLUSIONS

The results of almond fruit (Gulcan 101-9) harvesting
with an mertia type limb shaker can be summarised as
follows.

The fruit detachament force/weight ((FDF/ W) ratio of
almond fruit decreased with increasing maturity time.
Consequently, the most appropriate
harvesting of almond is the second or third week of

time for
August

Shaking time was 10 sec for all of the frequency and
amplitude tests. Tt was found out that this time is
enough for the average time needed to harvest a tree
limb.

To obtain maximum fruit removal with mimmum
vibration and reactive force, the inertia type limb
shaker should be operated in the range of 50 mm
amplitude and 15 or 20 Hz frequency. Fruit removal
percentage mcreased with an increase in shaking
frequency and amplitude.

The shaker and clamp did not cause any bark damage.
structure sigmficant factor
mfluencing the success with mechamcal harvesting
of fruits. Shaking of the limbs in the centre of the
trees was difficult because of the pruning method for

Tree 1s the most

almonds.

As a result, this study showed that mechanical
harvesting of almonds by an inertia type limb shaker
is feasible.
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