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Figure 1: Static pull test on olive tree
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Table 1: Results of static pull test

By e (N) g (M) 8y 4 Yoy (N/M) i yo aii i g b

100 0.016 6250

dl b 30 iy 120 0.019 6315.789
140 0.022 6363.636
100 0.015 6666.667

Ao f cs 0 gl 120 0.018 6666.667
140 0.021 6666.667
100 0.015 6666.667

ALY iy el 120 0.017 7058.824
140 0.02 7000
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Table 2: Results of free vibration test for olive trunk

B8 (e 954 (N) X4 (mm) Xy (mm) Srpunk = INX; /%5
100 3 1 1.098612289
Al 0 e 6l 120 4 2 0.693147181
140 5 2.2 0.820980552
100 3 1 1.098612289
b P oo gl 120 4 2 0.693147181
140 5 2.2 0.820980552
100 3 1 1.098612289
ALY cds o 120 4 2 0693147181
140 5 2.2 0.820980552

s St Sope (silla) 5 S Cand pld T Sl

Table 3: Results of free vibration test for olive fruit

(N) g x4 (mm) Xz (mm) Strunk = Inxy/x;
100 5.5 5 0.09531018
O97) )3 ogee gy 120 5 4.5 0.10536052
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Figure 2: A schematic view of the fruit tree with trunk shaker
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Figure 3: A schematic view of the mass-spring system for the fruit tree
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Table 4: Properties of trunk shaker for olive harvesting (Porras et al., 1996)
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Figure 4. Comparison offrequency response of the trunk, (a) frequency response of the trunk with FPA
excited force and (b) frequency response of the trunk with CFA excited forces
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Figure 5. Comparison of frequency response of the fruit with FPA and CFA excited forces
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Abstract

The objective of this study is comparison of mechanical shakers performance in fruit
harvesting process with constant and frequency proportional forces. Experimentally static
loadings and dynamic free vibration are carried out on the trunk and branches of the
sample tree (Olive tree) to obtain their important elastic and viscoelastic properties. Then
the olive tree is modeled with an equivalent mass-spring multi degree freedom model
depending on the tree age. In this paper the fruit is modeled with two degree equivalent of
mass-spring freedom model that it includes stem and fruit center of gravity and taking to
account that olive tree produces fruits in last year’s branches, the considered DOF in this
study is one number more than tree’s age. The governing equations of motion are derived
using Newton’s Second Law and solved numerically by MATLAB software.
Displacement amplitude of the fruit and trunk are obtained in the different frequencies.
Also the effects of the tree age and kind of applied force on the optimum range of shaking
frequency are discussed. In addition the value of the mechanical stresses in the stem
bottom and pedicle of fruits are calculated. It has been observed from results in harvesting
process by F.P.A and C.F.A excited forces, the quantity of pedicle stress was more than
stem stress Therefore If the both nodes have equivalent resistance, olive fruits will be
removed without stem.

Key words: Inertia shaker, Response frequency, FPA, CFAand Olive tree.




