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Vibration Characteristics of the Fruit and Vegetables during
Transportation (Il)
-Vibration Characteristics of the Fruit and Vegetables using FEM-

Man-Soo Kim - Hyun-Mo Jung1 - Ghi-Seok Kim - Chung-Gil Park

Finite element method(FEM) was used to obtain an approximate solution, since the mathematical
formulations for the problem are complex and cannot be solved analytically. In this study, the fruit
as well as the aluminum support on vibrator are discretized into small elements, and the approximate
functions are used to describe the displacements in each element in terms of nodal values, and
because of the complexity of the problem of viscoelastic materials such as the fruit and vegetables, it
was necessary to validate the modeling approach before pear simulations were performed, and the
finite element modeling approach was first validated by comparing the results obtained from
simulation and experiment for the pear in the frequency range 3 to 150 Hz and acceleration level of
0.25 G-rms. Based on the relatively good agreement between simulated and measured frequencies for

the pear, finite element models of tomato and oriental melon were created to study the vibration

characteristics of the fruit and vegetables.
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The resonance frequencies of the pear, tomato and oriental melon using FEM were 62.50, 39.45 and
62.73 Hz and the peak accelerations of them using FEM were 2.21, 1.38 and 1.98 G-rms.
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Fig. 2. Three dimensional modeling of the fruit
and vegetables for FEM,
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Table 2. Physical properties of the fruit and vegetables for FEM

Fruit and Volume Mass True density Apparent Poisson’s
43 3 elastic modulus ;
vegetable 10" m?) (kg) (kg/m”) (kPa) ratio
Pear 5.1444 0.5073 990.16 1532.75 0.234
Tomato 0.9213 0.1359 1067.53 894.22 0.352
Oriental Melon 3.8354 0.4124 1045.99 1921.61 0.285
6 0.8
{ Frequency Range : 3-9 Hz { Frequency Range : 9-27 Hz
Acceleration Level : 0.25 G-rms Acceleration Level : 0.25 G-rms
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Fig. 3. Input amplitudes in the frequency range from 3 to 150 Hz for finite element analysis of the
pear.
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Fig. 4. Vibration response characteristics of the

pear measured and simulated.

Table 3. Analysis of variance for the regression

model of resonance frequency in 0.25

G-rms
Source  DF Sum of - Mean F Ratio Prob(F)
Squares  Square
Regression 1 988.41 93841 11346™  0.00
Error 31 270.06 871
Total 32 125847
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Fig. 5. Vibration response characteristics for the pear by using finite element method.
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Table 4. Resonance frequency and peak
acceleration of the fruit and
vegetables by FEM

. Resonant .
Fruit and Peak Acceleration
vegetable Frequency (G-rms)
(Hz)
Pear 62.50 2.21
Tomato 39.45 1.38
Oriental Melon 62.73 1.98

Acceleration Gain (G-rms)

150

Oriental melon
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(b) Oriental melon

Fig. 6. Vibration response characteristics for the fruit and vegetables by using finite element method.
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